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Abstract: Conpounds are disclosed that have the chem cal structure of

Formula (I11)_and %IIB) and their produg esters and agigragditd on salts,
and t hat ar e"H8EPH’ as Interleukin-1 and Tunor Necrosis Factor-a
nodul ators, and thus are useful in the treatnent of various diseases,
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the Invention 5 The invention relates to chem cal conpounds and

pharmaceutical conpositions, |nclgghﬂgmeg9#gblchen1ca| conpounds and
pharmaceutical conpositions theredt, useful In the treatnent of various
5 The invention relates fo chemical compounds and pharmaceutical compositions, including

novel chemical compounds and pharmaceutical compositions thereof, useful in the treatment of various
diseases and disease states. The invention also relates to methods of synthesizing natural products and
novel, structurally-related chemical compounds. More particularly, the present invention relates to
nove! analogs of and processes for the preparation of compounds and pharmaceutical compositions
10 ther=of useful in the treatment of, for example, inflammation, cancer, cachexia, cardiovascular disease,
‘diabetes, otitis media, sinusitis and transplant rejection.
Background of the Invention
Acanthopanax koreanum Nakai (4raliaceae), which is found indigenously in Cheju Island, The
Republic of Korea, has been used traditionally as a remedy for, for example, neuralgia, paralysis, and
15  lumbago. Various useful components, including acanthoic acid, a compound having the chemical
structure of Formula (I}, have been isolated from the root bark of this tree. Furthermore, certain
analogs of the compound of Formula (I), for example, wherein the COOH group is replaced by a
methanolic group, by a methyl-acetyl ether, by a methy] group, and by a methyl-ester have each also
been isolated from the root bark of Acanthopanax koreanum Nakai (draliaceae). See Kim, Y.H. and
20  Chung, B.S., J Nat. Pro., 31, 1080-83 (1988). (The proper chemical names of these analogs are
provided in this reference.) This reference and all the other patents and printed publication cited herein

are, in their entirety, incorporated by reference herein.

25 o
The compound of Formula (I}, also known as acanthoic acid, has been reported to have certain

pharmacological effects, including, for example, analgesic and anti-inflammatory activity. The

compound of Formula (1) also exhibits very low toxicity; 1000 mg/kg is the minimum lethal dose
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di seases and di sease states. The invention also relates to t
synt hesi zi ng natural products and novel, structurally-rel aygldagtﬁ%%%@g‘of
conpounds. More particularly, the present invention relates to novel

anal ogs of and esses for the preparation of compou

phar maceut i cé‘f‘)@é’%‘%’osi tions 10 thereof useful in the t?ggysrq?@%fmof, for
exanpl e, i nflammati on, cancer, cachexia, cardiovascul ar di sease, diabetes,
otitis nedi j pusi ti.s. and transplant, Lejection.. Background of th

Thventi on ACAKDLIHE ki @0E e o TR AR & e s PR i o 75

i ndi genous| YineriEriejAaid] 4| orgonentpé Acqppran keregtumddakaid, Dastarsteidess Dersdof

tradi ti onal |Pjarsysete Nedbyal Loiversitdy,(dored KAyl The comPalih@biFlodyulagB bdloy 8d i@tura@pnd 15

| unbago.  Varj aig, Bkl FARBPRGE kibwn iR HEAN, ARlvGind RhileyAngaiBpound
havi ng t he ¢ emlﬁ%gﬁ éfrﬁgt ure o?, Fg??ruﬁg (|g§l, eﬁgc%eglloeenmf?so]ﬁ?tmed'gr?r'omthe
root bark of*nd ppLesiapdie EHhe) HRPHSr B¢ St iRarH TEHeI 5 G derevE-k 8hdbtd of
Formul a (1) ,TufieNeexasabter;o (e 0@prixduttive. LODhay,@ppedssior tepirgerettbn bfjacanthoic

met hanol i ¢ QiR 4Ry usprtﬂe arsﬁhbwa-i@faﬁ&qxﬁnmﬁfoﬂ%w. SWse e [BEMbES 5,0 ﬁongwétep[y a
met hyl - ester have each al so been i solated fromthe root bark o

Acant hopanaX /s M RECA(PE Al dfT°4ceae) . See Kim Y.H and 20 Chung, B.S.,
J. Not. Pro., .iAlso, ¥3(m88ind 2OB@ula (IXhcapimoip erid.c4ne nhec@trespaties methylichese

anal 0gs af € anideQY inf 6Ghpbthd LRESmAIEH LY RREE ad meliBhohic F@l-65:8R8&s BB Ahbouhdigr Ot her

patents and print ublicati cited herein re, in thepr entirety,

i ncor por at e&p"wﬁr(gasé‘g‘? ) 'ﬁ‘%‘l‘eg?rﬁ’.“ ygog %ﬂg ?‘lh’ga'g%ﬁ‘ﬁ'ghﬁaﬁmﬁ‘fm t’—lﬂﬁ“‘rﬁ[}f "éfac(e‘l’%', al so
known as acdet K.Y -Beind, Chivigs Bise enNetefior £6d 08 (1R e (Te mrarérrehenptrh memeecef] ogi call
effects, i NnahsdioRdGeid, (PkaueXEHPbBic 288 @hddP Sie Gnoih GnafRd dfkhuidnbid BoBEOIrviRC i Vi ty.
The corrpouqﬁsrgerelzcg mul'a (1) also exhibits very low toxicity; 1000 ng/kg is
the mninumTetha dose -1 1 Cctober 2003 WO 00/ 73253 PCT/ US00/ 13202 (M.D)
when adnihistered to a rat. See Lee, Y.S., "Pharnmacol ogi cal Study for
(-)-Pimara-9(1 1), 15- D ene-19-o0ic Acid,~A Conponent of Acant hopanax

kor eanum Nakai ," Doctorate Thesis, Dept. off~PRharnmacy, Seoul Nati onal

Uni versity, Korea (1990). The conpqundiof Forrmula (1) and/or its naturally-
occurring anal ogs, may exhibit t ' W_phar macol ogi cal effects by

i nhibiting | eukocyte m gration 5 0 st agl andi n E2( PGE2) synthesis, and
is a suspected effector of both | pterPeukin-1 (IL-1) and Tunor Necrosis
Factor-a (TNF-(x) production. Additi~onally, a process for the preparation
of acanthoic acid, and use of the ad&ftHoic acid for treatment of immune
di sease is described in International Ratyent Publication WO 95/34300 (Dec.
21, 1995). Al so, the conpound of Forrmula (1A), kauranoic acid, and the

correspondi ng net hyl -ester . ‘
Tumor Necrosis Factor-o (herein “TNF-o.™ or “TNF”} and/or Interleukin-1 (herein “IL-1") are

20  involved in various biochemical pathways and, thus modulators of TNF-a and/or IL-1 activity or
production, especially novel modulators of TNF-a and/or IL-1 activity or novel compounds that
influence the production of either IL-1 or TNF-q, or both, are highly desired. Such compounds and
classes of compounds would be valuable in maintaining the human immune system and in treating
diseases such as for example, tuberculous pleurisy, rheumatoid pleurisy, and diseases not

25  conventionally considered to be immune disorders, such as cancer, cardicvascular disease, skin redness,
viral infection, diabetes, and transplant rejection.

Although numerous approaches to regulate the production of Tumor Necrosis Factor-o and the

interleukins are known, novel approaches, compounds, and pharmaceutical formulations to regulate the
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10 anal og of the conpound of Formula (1A), as well as nethanglag, &%ggggion
anal ogs of the conpound of Fornmula (1A have been isolated fromthe root
bar k of Acant hopanax koreanum Nakai (Araliaceae). See Kim Y.H and Chung,
B.S., J. Nat, Pro.. 51, 1080 (1988). (The proper chemgal nane of
kaur-anoi ¢ ach O“eﬁf kaur - 16-en-19-o0i c acid, and of the known anal ogs of
kaur anoic acid are provided in this reference ) 15 COCH (IA) Tunor
N?Er t)fl) Sa:‘zgg;[o “(i" ﬁéjgt”\?e'g“ms's ¥4 tro % '&ng i ?rl(% % 2me ?igl' y é%S'{aHe L 1av%%ta:n %P%Sdggl%?r ern
modul at or s bf th@Enptskillavtel/agr | L-1 activity or productron especi ally nove
nodul ators of TNF-a and/or IL 1 3ehhar bitheOdvettiovel conpounds that influence
the production O‘{ COel‘Clithl hy it s an o cQof tg-gﬁesgm n%b&% vr@er ocageg tf'clr}fite t!etr ceAQd Such
conmpounds and ¢ é% f oun f e va Bie in maln arnrng t he
human i rrﬁunéﬂ“w@thé‘fﬁ RETREF24OR of Fie seReEnds Gf E@&%@é”s?&%ﬂmaed fisi sEyekFRh paloss,
tuberculousnﬁhampm&yambaeﬁmahmmﬂmﬂbGmemy¢aamduﬂ]seases not 25
conventional |y Cﬂt n&»@&n@g fttlg C]{ iV mgllué%%ldeﬁgnﬁyie, %&n@ﬁtaﬁ%ﬁ@&wmmal

a

cardi ovascul ar dise i n redness viral infecti es

transpl ant F@jwErf B‘ﬁm”'NI{)HEHJ‘QWPWH%‘F‘BEFSH‘%&?W‘%W&‘?Cf’&‘t”@‘gﬁ&ﬁ‘g e tgﬁfé‘"g
producti on @bémpbuaiavibete demisal Eactne of Borreutd 11l the nvéntidngrcludeski ns are known,

novel apgroaches, conpounds, and pharmaceutical fornulations to regulate
the -2 | Cctober 2003 WO 00/ 73253 PCT/ fJS00/ 13202 production of Tunor
Necrosis Factor-a and interleukins are highly desirable and have been | ong
sought by those of skill in the artR- ary rkf the Invention Accordingly,
it is an object of the present i nVis g’ ~myro Rge processes for the
synthetic and 5 semi -synthetyi ePa the conpounds of Formnul ae
(1) and (IA) and their structurs] l,udi ng novel anal ogs, of the
conpounds of Formulae (1) and (I I ds of the present invention
i ncl ude, for exanple, conpound S chenlcal structure of Fornul a
(1'l) and conmpounds havi ng the REher str @Hare of Formula (I1A).

Regarding conpounds havi ng t he RehemRd b;pStructure of Fornula (11), the

i nvention includes: 10 R10

(I

wherein the R groups are defined as follows: If any Rs-Rs, Ry, Rs, Ryi-Ry3 is not hydrogen, R, or Rg or
15 Ry is not methyl, or Ry is not CH,, then R, is selected from the group consisting of hydrogen, a'
halogen, COOH, C;-Cy, carboxylic acids, C\-Cy2 acyl halides, C;-Ci; acyl residues, C-Cy, esters,
C,-Cy, secondary amides, (C;-C2)(C1-Cy2) tertiary amides, Cy-Cya aleohols, (Ci-Ci2)(Ci-Cia) ethers,
Ci-Cya alkyls, C1-Cz substituted alkyls, C»-C» alkenyls, C5-C;s substituted alkenyls, and Cs-C)y aryls;
however, if all Rs-Rs, Ry, Rg, Ryy-Rys are hydrogen, R, Re, and Ry are each methyl, and R is CHa, then
20 R, is selected from hydrogen, a halogen, C,-Ci» carboxylic acids, C;-Cyp acy! halides, Cy-Cy; acyl
residues, Cp-Cy; esters, C-Cyz secondary amides, (C,-C3)(Ci-Cy3) tertiary amides, C;-Cy» alcohols,
(Ci-C12}(C-Cyy) ethers other than methyl-acetyl ether, C;-Cy; alkyls, Cy-Cya substituted alkyls, Cr-Cy,
alkenyls, C,-Cyy substituted alkenyls, and C;-Cyz aryls.
Ry and Ry are each separately selected from hydrogen, a halogen, Ci-Cy alkyl, Ci-Cy2
25  substituted alkyls, C»-Cyy alkenyl, Co-Cy; substituted atkenyl, C; - Cy; atkynyl, C,-Cy; acyl, C-Cyp
alcohol, and Cs-C)3 aryl.



wherein the R groups are defined as follows: If any R3-R5, RY,n3 - R13
is not hydrogen, R2 or R6 or 15 RO is not nethyl, or Ro is not , then
Rl is selected fromthe group consisting of hydrogen, a hal ogen, COCH,
Cl1- C17 car bo lic acids, Cl-Cl2 acyl halides, Cl-Cl2 acyl residues, C-Cl2
esters, 9B ondary ami des, (CLl-Cl7)(Cl-C12) terfq aPYPIE%R des. C1-C12
al cohol s, (Cl C12)(C1 Cl2) et hers Cl- C12 al kyls, Ci1-Ci12 substi tuted

al kyls, C2-Cl12 | s 12 supsti t -C yls;
however, if all 5’% R”IQ?dCERg REE? %at gﬁt cff"B’Qéﬁ"’geﬁ? alﬁ%"“ #d‘ E@I are
each net hyl G- @;md!bmﬂmedla@y@l-qz Cit Hlewyl, ZGCREl'hststutsdedﬂemﬂ,éél -Goradmlyadd 6genaryla

hal ogen, Clrn%z.cﬂﬁw%yrbd SnbdGinéhs, R CEa CL2, @Y lor hiad,istifutedalicyChadl BGHEr R

resi dues, 12 esters, C2-Cl2 secondary ami des, (Cl-Cl12)(Cl-Cl2) tertiary
ami des, C2- Ef‘? Fc’()dﬁéf Cl- ClZMCl Cl2) ethers other than nethyl -acetyl
ether, C2-Cl12 alﬂeyslss'ecteeﬁm Yrageiha palaeet BdCial iRy Cs Cn gpstigte allgls ey Risenyic2- C12

subst i t ut edcatkemyiuged amagh. d-Cot2alRynyl S. R2 and RO are each separately
selectedfromhyr 12palkyl td tut ed
Sl s ey QQthedgfﬂatlf%&P a lﬁi'otgéﬁ éﬂ s (F]c glgubs%%dséhp/ﬁ d2$u1

C, - C47 acyl #kemk @31%5"*’&?t'¢*8*rf816">" &nﬁl’és*“ paapd Gy 91Fafy 3 1 Qctober 2003 WD

00/ 73253 PCTI USGG! 13282 af@3sefiatelyRatjectRA frora rhgldrégbd, - &Rialogar, €HpaCkC,stiphrcaicel y

sel ect edof r%tm&llraﬂgle@ncf,@lktlg‘ @Q@mest@&ed@%&% ciflildﬂﬁ alcoho(l:]anocé;?C § pSt i tuted

al kyl's, C2-Cl12 al ke %/ (Lg tltul e ﬁgﬁ &éi' %“12{(}&B and
C5-C12 aryl. | Mgy acemr’%wisyavmg FEhePsa SEIBES FERped “i“’§““8“ al kyl ,
or Cl-C6 substituted alkyl, and all other R groups are hydrogen. 5 R6 is
sel ected from hydrogen, a hal ogen, Cl- Cl%SaI kyl, Cl-Cl2 substituted al kyls,
C2-C12 al kenyl, C2-CF2 substituted I kenyl , and C2-C17 al kynyl. Riois

sel ected from hydrogen,  a hal ogen,p d1-C6 al kyl, C1-C6 substituted

al kyl, C2-C6 al kenyl, C2-C6 substl ¥en R11C1 Cl2 al cohol, and
C5-Cl12 aryl. RE4 and R15 ar e Ry 3 %m hydr ogen, a hal ogen,
CH2, C1-C6 alkyl, Cl1-C6 10 sub al kenyl, C2-C6
substituted al kenyl, C, -C6 al cohp 1&ryl . Regardi ng conpounds
havi ng the chem cal structuregg %A% the invention includes: R7
R11 RI0 R15 R14 !

RiRs
(I1A)
15 .
wherein, if any R3-Rs, Ry, Re, Rj3-Ry; is not hydrogen, R; or Rg is not methyl, Ry is not CH;, or if it is
not true that R,y is CH,OH and Ry, is OH, then R; is selected from the group consisting of hydrogen, a
halogen, COOH, C,-C,; carboxylic acids, C;-Cy; acyl halides, C;-C;; acy! residues, C,-C,; esters,
C-Cy; secondary amides, (C;-Cy2)(Ci-C)3) tertiary amides, C\-C)3 alcohols, (Ci-C2)(Cy-Ciz) ethers,
20  C-Cppalkyls, C\-C;; substituted alkyls, C5-C,; alkenyls, C;-C, substituted aikenyls; but
if all R3-Rs, Ry, Rs, Rp-Ry3 are hydrogen, R, and R4 are each methyl, and Ry is CH; or
CH,0H, then R, is selected from hydrogen, a halogen, Ci-Ci2 carboxylic acids, C,-C; acyl halides,
C-Ci2 acyl residues, C-Cy» esters, Cy-Cy; secondary amides, (Ci-C\2)(Ci-Cyy) tertiary amides, C»-Cpy
alcohols, (C;-C3)(Ci-Cy;) ethers, C;-Cy; alkyls, C,-C,; substituted alkyls, Co-Cya alkenyl, and Cp-Cj;
25  suobstituted alkenyl,
R; is selected from hydrogen, a halogen, C,-C); alkyl, C|-C;, substituted alkyls, C5-Cy; alkenyl,
C;-C)z substituted alkenyl, C; - Cy; alkynyl, C-Cs; acyl, C)-Cy; alcohol, and Cs-Ciy aryl;
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WB -R12 R2 15 wherein, if any R3-R5, R7, R8, R11-R13 is not hy or
R6 is not nmethyl, R10O is not CH2, or if it is not true thatnéﬁ%ﬁﬂgaegg%H
and Rl11 is OH, then Rl is selected fromthe group consisting of hydrogen, a
hal ogen, Cl-Cl12 carboxylic acids, Cl-Cl2 acyl halides, Cl-Cl2 acyl
resi dues, Cl‘&%@ "iers, Cl-Cl2 secondary am des, (Clpgﬁﬁﬁ%@ﬁmC13)
tertiary ami des, Cl-Cl12 al cohol s, (Cl Clz)(Cl C12) et hers,

Cl-Cl2al kyl's, Cl3C 2 ubst it Cl

substituted al kehyl s’bdt& ?“HtRl”q{”F?ée g’ sepycy ?Ct%f “’%/%“’%P %'ﬁ%ﬁr"o%e% R2
and R6 are -edgh Gren Iﬁ'gbls“*“‘ﬁ’rf’él‘yﬁl@ SESLS C@'ﬁu ‘setptiterd alkehyd £:-RE aiksnybebe@t@d f r om
hydrogen, a 4al ogeRiculGl- fedidret antaonnght, R ,aci dsc, AL, 61e-AGWstithal i1 Snd aC1- C12
acyl residue ﬁg&@*% §§E§'§ Cl- Cl12 secondary am des, (Cl-Cl12)(C1l-C12)
tertiary am cohols (C1- ClZ%&&l Cl2) ethers C2-C12 al kyl s,
C2- C12 substi tut Belis 5198iyf &om kydrogensn hajopeaniC: ki C e Taspited BhdyBsEi tlkerdd

al kenyl ; R2 ¢ isebseateeakdnylomi byCly sigeyl, a hal ogen, Cl-Cl2 al kyl, Cl-C12
substltuted al kyles, I \ u t Y, C12
al kyny! | %]é g;;ls Qec@-%c])_rg‘hgigx 2 halggen é (p qﬂg“& 8 su tlﬁ.l?e kkglbe% C;2003 WO
00/ 73253 PCI %ﬂ”@'ﬁ'ﬁf ey iEg-Ci ﬁémh‘#{f“ 5C"aéPflrd“q?ll R13 are each

separ at el y sel ecRednd Rommiby deregeerificaani ale ogemsly Eleeteli?bm fetideyeh, a 1@lbeet )2,

substi t ujed @lduhs, c,@,vkAudlHoNyLc, afednyCE2c UGS M8 Ak anyby .Fe; 612

al kynyl, and ¢5-Cl2 aryl. In particularly preferred enbodi nents, Ril is

Cl1- Co6 aIkyI "or O -C6 substituted alkyl, and all other R groups are
hydrogen; 5 R6 i & isefugher ebiect pfchp lhwroo@mowc& cprajjopnje havinCihe Clihical fopture &1 - C12
substi t ut ed Ebl‘rkl.)ld §IB), Gt t&pravidl ploefdyeh for thECRmEdi aﬁibbrﬁrtsylttﬁétlﬁﬂe;ﬁilaerLm ahgs C2- CS7

al kenyl; Ri I C1- C6
Subst 1 ut g e P FERGLALERSTVHRORS, SRR st e cngie o

al cohol , %nth’E%“"E‘fiff oA HB)af?Hexﬁiliie g6 qorepEndpbgritsiesisneted B s @i T8, TRAd ar e
separ at el y sail theit @dlogsraoddelivadveq e inversiohiadleigen, CH2, 10 Cl1-C6 al kyI, Cl1- C6
substituted al kyl, C2-C6 al kenyl, C2-C6 substitut ed al kenyl, Cl1-C6 al cohol,
and C5-C6 aryl. It is a further object of the invention to provide
conpounds havi ng the- chemical structure 88 gpFornula (11B), and to provide
processes for the synthetic and sem - : R’cs It)reparatl on of conpounds
havi ng the chenical structure of F& LY Regar di ng sai d conpounds
havi ng the cheni cal Ry 6

R R] R]3

(IIB)
20
wherein the R groups are defined as follows: R, is selected from the group consisting of hydrogen, a
halogen, COOH, C;-C); carboxylic acids, C\-Cj; acy! halides, C,-Cjo acyl residues, Cy-C,; esters,
Ci-Cy2 secondary amides, {(Ci-C12)(Ci-Cy2) tertiary amides, C;-Cy, alcohols, (C;-Cy2)(Ci-Cy,) ethers,
C;-Cyz alkyls, Ci-Cyz substituted alkyls, C;-C,; alkenyls, C;-Cy, substituted alkenyls, and Cs-Cy; aryls.
25  Under these conditions, R, is preferably selected from COOH, C;-C,; carboxylic acids, C;-Cj, acyl
halides, C;-Cy2 acyl residues, and C;-C,, esters, and is most preferably selected from COOH and the

C[‘C6 esters.



15 structure of Formula (JIB), for exanple, the conpounds herehfygleshsnat ed
TTL1, TTL2, TTL3, TTL4, and their anal ogs and derivatives, the Invention

i ncl udes: 20 wherein the R groups are defined as foI | ows: Rl is selected
fromthe group consisting of hydrogen, a hal ogen, Cl2 carboxylic
aci ds, Ci- Clép%‘l?ﬁ'/’?zs%al i des, Cl-Cl2 acyl residues, Cl- Cfgr’g@f"b‘?% Cl- Cl12
secondary ani des, (Cl1- C12)(C1 C12) terti ary am des, Cl-Cl2 al cohol S,
(Cl-C12)(C1-C12) et her s &‘}2 sub ituted al k -Cl12
al kenyl's, C2-C12%%4 s{(‘i ?rﬁte@‘"' Sé?akag’ T° thdaﬁ?i "D % "ﬁg%“ D5y r "LCPFese
condi ti ons, sRastifuisd p’héﬂfsé-‘n§b|a}k3@élfe§taéeb5ﬁtmam|@m¢ = @khyt &i-Boxesl.i @-Caci ds,
Cl-Cl2 acyl admdjftes,c,GH.Cl2 acyl residues, and Cl1-Cl2 esters, and is nost

preferably sel ec H, and_t he Qct aber 03 WO
00/ 73253 PCTI usogi%sg’og And® 14T Se"”eag'l i es°ée§3’?‘3t“é‘i“§%“’“ aﬁa'%gf“g tr 6‘%%(?

"hydr ogen, * a highoyestituetalkds £2-gl2 Ry, élcla@s“t‘%edlﬁﬁffiiyt Ge-Ed 2liyivy b, CsCrr- 2012

al kenyl , C2- 1€tpar3dnhsjz préfeited @maddioany, IR, G C=C,@LR, @Irnytbstinked w&h2andey bther @1- C17
al cohol , and &ﬁsa §d|% e)ql R3-R5, R7, Rs, and R11-Rl13 are each separately
sel ected from ydr a hal ogen, Ci1- Cl2 al Kyl 5 C1-Cl12 substituted

al kyl s, C2-Cl12 af"k'éFF;FF*ed %2“ @f?%&d@‘ﬁeﬂﬁl o a&v‘k‘érﬁn subsgigegaliyiabrGmftenyland
Cs-Cl12 aryl .Cr-Ousuiptinntd gdkehelrdny Cpliedilgnyied enbodi nents, Rli is a Cl-C(, aI kyl ,

or Cl-C6,gubsti twoegse@ch&vh@m amogal lah%gaﬁ aR clgi‘ q.»k@ﬁ c@&esuba{;%!e@q% ck

sel ected fro )Xo(l%% 9 Ig (S ol O‘i: 1 1-'CI2 substit ut ed aIkyIs
C2-Cl4 al ken{ﬁ ? sl Aoyt et é?ﬂfﬁ '2:2% C2-C12 alkynyl. 10 R10 is
selected from hydin@gdaﬁ;s ape stredooppeific ai@HR se@tateS6selrbthdy/from Biiro@6, 8 bijegen, tGihed

al kyl, C2- Coc,-@abk@nylc, sfoainfel skiibsLd bubnod catkeuithred fikbny%37-cRhicRNOha cand
CSs- C12 aryl. R14 and R15 are stereo-specific and are separately sel ected

from hydrogeaﬁy a hal oq Cl-C6 al kyl, Cl1-C6 substituted al kyl, C2-C6
af kenyl , 1€2- C6 siHsse M hheéalrﬁlakéﬁwhe verieeh et rsohest partigpeflys- KeoRaRy Re and 5 | t
al so wi || berappresivatiekntshmtthat BelicsfdtdnDats fobthegr (B'bipﬁampﬂﬂ)scith Rakhd Kyayr by R3,

R4, Rs, R7, !en?tﬁget‘?%;nd %ja%fclq?eya clagaleﬁl}pé %%E&"lﬁ&eﬁ nﬁélr rg.%gt: l!/ecter%)ﬁﬁltc% re

for med. For exa ene nol et es an

mey
i ncl ude a co&?&?’%‘ g ancadgitiqnpl ﬁii‘d’beé’b%‘(‘éitr{}\‘éé‘ﬁwt%’@i’?’"dr A& Ei@’&i‘”ﬁ KR fer firharxapakbons,
gener ati ng abis-@d@iringona| begonnedriznthessingl aufpromgatq ¢herhing seainpiotthel vaibusFO griouts.a

(11B). Agga é,mgahearar@m@mph@ R R@Iaﬁcn@. &l biGofiun@geymey be forned by choosing
appropriate c hem’l‘ﬁe comgcgmcfs 0?1?16 mventlon mc[ug I;el p%é?ug Bstigs Q‘Lﬂg cdmpounds of Formulae (II),
(ILA), and (IIB), and the acid-addition salts of the compounds of Formulae (1), (II_A), and (IIB), and

pharmaceutical compositions comprising a therapeutically effective amount of the described

compounds, including their prodrug esters and their acid-addition salts, optionally in conjunction with a

25  pharmaceutically acceptable carrier. Such compositions are useful as, for example, anti-inflammatory

analgesics, in the treatment of immune and auto-immune disorders, as anti-cancer or anti-tumor agents,

and are useful in the treatment of cardiovascular diseasé, skin redness, viral infection, diabetes, ofitis

media, sinusitis and/or transplant rejection. Particularly, a pharmaceutical composition comprising a

therapeutically effective amount of a compound of Formulae (I1), (11A), or (IIB), or a pro-drug ester

30  and acid addition salt of a compound of Formulae (II}, (11A), or (IIB), may be used as an anti-cancer,

anti-tumor agent, anti-viral agent, and may be useful in the treatment of cardiovascular disease, skin
redness, viral infection, , diabetes, otitis media, sinusitis and/or transplant rejection,

The invention also provides novel methods of synthesizing the above described compounds and

their analogs comprising the step of performing a Diels-Alder reaction reacting a diene having two or



20 most particularly R3, R4, Rs, R7, R3i and R11-R13 of Fornmulg.(id.B 03 The
conpounds of the invention |ncI ude the prodrug esters of the conpounds of
Formul ae (I1), (I'TA), and (I11B), and the acid-addition salts of t he
conmpounds of“F mylae (11), (11A), and (JIB), and ph [ﬁ?cﬁ%‘tg ?

conposi tions corrprl sing a therapeutically effective anoun he descri bed
conpounds, including their prodrug esters and their acid-addition salts,
gﬂ:&hogglrrl)gs: Ireorngi W t&é?w?hW‘e EJLS&"%?D ﬁi?a’"E Flﬁ?tan Eolan%{a)‘l!inclY'wTel?lg%?rté{aﬁg?eermgsagn%l er.

anal gesi cs, YiehiﬂtgﬁéeStf?déé*tﬂrfﬁmoma?m*i’ rﬂ*ﬁﬁ’@'s “&ti’f‘@l- ?'Wbtlw%w@f@edm

anti - cancer a6d thadidophildnaffbrda fexivilsy in sgnitksigifiga usied bl cdnpodnBLoft thee At BN anaf

car di ovasculaﬁgwsdﬂmsa@-%@a oS EhMBinkeSED @R histc libRkes 1P E&GH QD bfﬂ{ %%&%% foPldel 1S
medi a, sinusitis and/oqr transplant rejection. Particul ar

phar maceut i Piposkd ASHEitegRe ¢ I”Ta | ng a therapeutically effectl ve anount

of a conpound of Formulae (11), riptior of e |FBYres or a pro-drug ester 30 and

acid addition Sabértaﬂfpre@en@@mglﬂﬂntpgf 1RO iR Gurel ihdsdrated( ih 1) FiguRE, (I‘Ilé ﬁguresmiy be
used as an anti anti

useful in tREER ’ﬁ“s it °"{”a“‘F’re&”ec{j‘i‘%&é‘g%‘%l °§&"ed‘i"§‘é‘8%%’d{°§%ﬁﬂ9 P‘i"%ﬂ h""fv%/

i nfection, ,ma@wam@{oe@,usmﬂﬁw imeenyipadiTee, Figsirep s ndt intenden off 1wt ther saops f Tamwene]nectl on.
The invernd i QescAled mdRmM4 Besn. novel net hods of synt hesi zing the above

ger;I Rlegeforggg]?[?izn Pgts th% Q%Etureggi%‘zléﬁxg% aa\?arrpacal hoi c:d metg}%is? Ieﬁgege%%%m ng a
00/ 73253 PCM'ewgmﬁrlﬂmz'dﬁWes FIrHee ey of catamc@mwh*ﬁ PféheC'ﬁ’ﬁ'ﬁ’GUnd to yield a
resul t ant conpouFrid. héeyiets tha reesymhetin®iaipsis intl gBtegia Bld asydcRlidhs Biefir@mpduad
synthetic coppeipdionine Diels-A der reaction, along with the selection of
the diene and the dienophile affords flexi b|||t n_synt hesi zing a varlety
of conpolthds of tfe Tieﬁ\?ﬁﬁet'ﬁc'é‘ﬁappﬁ es 1o fhf eRRRruStigh °ftt%e“%%"@ of Fertaip AMHPAELY al
chemi stry | itpriseitios indfidigo frokenti sppofachithibe synu@R bi @) poddeapric e Webh'bapploagi cal
assays, | nClﬂgﬁlE g}gthgsls oW+¥;ﬁ)l1[ﬁLJﬂ'C§t! dsand%ebr% %Sr%i% Iorﬂ}e sgﬂws fcf +)?%1§(I:a WG, Certain

preferred e I nvéntion ar igures. The
Figures nerely FIPr ﬁ%‘*?’t“ét‘ gFhemapi¢ %Ptf‘le“f)Fcé‘fnié’r($°éﬂ“eé?rﬁfd'tfl5¥?é’ﬁ§‘§°f§1€ ABriagpysigeNnt i on
and/ or cer t aif sapliofagid preidermiichrogbends bf themkeitiog and/ or of using the invention.

The Figuses are pgts hdend %pchenmk the i 00ci
descri bed and cl ai rr?adéah %e[FS G ( ch | 8%g%ﬁlé&gts}rntt}gst§uér}\é&gﬁ]b gg%%%ﬁoi c

acid and acdRTHSORP4RS %E@PWVP"E@E@P“@ Yt ereo chemical view of acanthoic
aci d, and a skel EifGa$ depipip the pingwizedfthresedimabienaioontp ofdiehs 45 bs defpabed itendeiaitd. FI G
2 depi cts tkhescﬁ}g;oﬁgsgen,t\)e,e‘t,j,c anal ysis and strategi c bond associ ati ons of

certain COITpOUI’ldE;G ’Pdeplc S A syn \ét?cnstcheme {Scheme 3) for the development and application of catalyst

25 49, as described in the detailed description of the preferred embodiment of the invention, an
asymmetric Diels-Alder reaction.
FIG. 8 depicts a synthetic scheme (Scheme 4) for the synthesis of the compound of Formula (1)
and certain compounds of the invention based on an asymmetric Diels-Alder methodology.
FIG. 9 depicts the structure activity relationship and the focus of structure activity relationship
30  studies of oleanolic acid and its derivatives and certain compounds of the invention.
FIG. 10 depicts sites identified for the structural alteration -and structure activity relationship
studies of Compound 1.
FIG. 11 depicts preferred, representative examples of analogs of Cempound 1 for use in

structure activity relationship studies and chemical biological studies.
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15 FIG 3 depicts selected approaches to the construction of jthe B%?zéda”g of
certain conpounds of the invention including: Wenkert's approac?‘u o th
synt hesi s of () podocapric acid; Wlch's approach to the synthesis of ()
podocapri c ag d DeGot's approach to the synthesi §| podocaprl C
acid. FIG 4 ﬂgdﬁf%{]s a schematic synthetic schene (Scﬁ?n@gof Qm t he
synthesis of the AB ring system ofacanthoic acid and certai n corrpounds of

t he I nvent I on. %:Q F£ %&]IC?‘S Cg%‘?ld)ge é%rer!a egg'lgt%/t IdEer?tq’QSer}%O%p (EI Ge{TE)F OtO a ]n‘llml Ch t he

synt hesi s of acan h0| aln co e 1’nvent onyma be
conpl et ed. Pbatipe dgepi cts the mi n| m zed thr ee- di nensi onal nodel of diene
42, as descri bedid.n3 tdhgcrdetiain |p&&ncdje®ﬁ:l§dn@ﬁ\ie(lﬂanﬁ)festoh@nﬁeﬂV&ﬁHYbri @Rjugakel Gf 7
depl cts a S¥ 5@1@&“ ;¢ schenme (Schene 3) for the devel opnent and application
of catal 5 49, as described in the detailed description of the

preferre enbodl Rigrf dopics Rerompigie fbyus suesisa®y sfeie cPEPopRds| & Uy B&%eact i on.
FI G 8 depi ¢kmsified lIgyeintah €Ll enSTHB inFiguBdhene 4) for the synthesis of the

conpound of For b as @hpiets aa&dmfegrsmeas SARILRE T Ot N@mbANE BE 1O RvHASED ONn an

asymmetric el.s ology. FIG 9 depicts the structure activity
rel ati onshi @'ﬁlﬁﬁda?hggmgemg? structure activity relationship 30 studies

of ol eanol i ¢ acifdG-dhderictsshedemiispethinyieatsyathedis elehetcampruednipoand§) of t he
inventiop. FIG Fé. 1dagjlc¢gtassuslina@s>f 'thdeﬁthiasfeé acie,fawcoﬁb@n@td?uﬁtuwera;bn ahct ﬁé ation

and structur t o)
structu leswa(f 81"0}:’41114 of t?es?‘ &'&é pConr%pnFi ﬁﬁ_fl noor'ﬂ? uoc? T'ébtl al‘eounl('lfd for use

depi cts pr eferT represent a Ve exa andl og§
in struct uﬁ@’c&ét“itl\‘}?‘f’ﬁ‘”? el ati onshi p studies and chemnical bi oI ogi cal
studies. -7 1 OutichedepQ3unWRArOdhE ShasisFCaYaplO0/ 13202 FI G 12 depicts

certain preferregg lbﬂ&ncﬁﬁﬁa@&@tu\rewf(gqgahmuc.\é%(w‘ ikFRaund 1 for photo
affinity Iabelln(g st udi ﬂ?ICtS certaln%Eoreferred
representative eXArPrEEsoe rgrarlts 2uhH ¥ wamioirgad 8 grrle Conpound 1. 5 FIG
14 depicts a confpEetl depdrah ssrthetis sehintedBhgned olgesftrad Prroompod Fasub ke
invention, giselfed inf E}ﬁﬁipl&ef gi ﬁ'h@-&ge;ﬁ-gl—éan@ﬂﬂs, ITJ—E&:rdeﬂagE'M%f Lobh st Grere b9

oot Ton. - Al A LER R Glof BEEFLOR « ik W S RIRRIGOLg TG,
chenmi cal symthe@!@?‘ of8 e RAE Ccimpouibed lseﬁrﬂ“F—'Grﬁqu a/3c1307C; 1.1 equiv NC-CO,Me, E0, -
20 7810 0°C, 2 h, 55%; (c) 1.1 equiv NaH, HMPA, 25°C, 3h; 1.,1 equiv MoMCI, 25°C, 2h, 95%; (d) 7.0
equiv Li, liquid NH;, -78 to -30°C, 20 min; CHil (excess), -78 to -30°C, 1 h, 61%; (e) IN HCI, THF,
25°C, 15 min, 95%,; (f) 1.6 equiv Li acetylide, Et,0, 25°C, 1 h, 91%; (g) Lindlar’s catalyst (20% per |
weight), H;, dioxane/pyridine 10/1. 25°, 10 min 95%; (h) 4.4 equiv BF;#E4,O, benzene/THF4/1. 80°C,
5h, 95%; (1) 13 equiv compound 103, neat, § h, 25°C, 100%; (j) 1.4 equiv NaBH,, THF MeOH: 10/1,
25 30 min, 25°C, 94%,; (k) 1.1 equiv p-Br-CsH,COCI, 1.5 equiv pyridine, 0.1 equiv DMAP, CH,Cl,, 25°,
2 h, 95%for compound 116, $7% for compound 117,
FI1G. 22 depicts the Chem3D representation of ORTEF drawings of compound 116 and 117,
showing only selected hydrogen atoms for sake of clarity. ‘
FIG. 23 depicts the synthetic scheme (Scheme 6) of the tricyclic core of (-} acanthoic acid of
30  Example 1. The reagents, conditions, and percentage yields of each step were as follows: (a) 3.0 equiv
PhSH, 0.05 equiv AIBN, xylenes, 120°C, 18 h, 86%, (b) 1.1 equiv. POCl,;, HMPA, 25°C, 1 h; 1.1 equiv
pyridine, 150°C, 18 h 81%; (c) 3.0 equiv compound 103, 0.2 equiv S3nCls (1 M in CH,Cly), CH,Cl,, -20
to 0°C, 20 h, 84%; (d) 1.4 equiv NaBH,, EtOH, 25°C, 30 min; (¢) RaneyNi (excess), THF, 65°C, 10
min 91% (over two steps); () 1.3 equiv Dess-Martin periodinane, CH.Cly, 25°C, 30 min; (g} 2.7 equiv
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10 FIG 17 depicts a summary of the syntheses of certain corrqqgg@g&rg@%t he
i nvention, and the physical properties of these conpounds. Conpounds TTLI,
TT12, TTL3, and TTL4 are defined as depicted in this Figure. FIG 18
depicts a su the synthesis of Exanple 1. FIG icts the
structures om‘g‘%{m {:ant hoic acid and (+) pimaric acid. 1’?’8913-’5)’&%20 depicts
the retrosynthetic analysis of (-) acanthoic acid of Exanple 1. FIG 21

((jiﬂ_%;:t Zst hgeli gﬂ&l—gﬁé g e&t&\gﬁﬂﬁfﬁﬁq ? gﬁil{?hﬂ-&{, %Soé ﬁlEB zr£69govar gtlﬁlprgsj %IB% Fé?',r mil a

per cent age yl?%fdéoc’ﬁﬁ e &th step were as fol I ows: (a) 0.1 equiv PTSA
(CH20OH) 2, benzene, 80C, 4 IDeta @ Wescition 2F 1 Pedited/ Erhtiodimbidt qui d NH3, 1.0 equiv

tBuCH, -78 t0 - 3@ 30mMduil oFRERhSQRS A | equiv
'Gcone et 50 Sraictn B of SRR )ff&?ct ﬁ%&g@é@%ﬁfv&ﬁa P%mg%gg\) 2sc o
,1 equiv MoMCl, 25C, 2h 95% (d) 7.0 ®BBuiv Li, liquid NH3, -78 to -30C,

20 m n; CH3l (excess), 78 to - 30C, 1Rh
mn, 95% (f) 1.6 equiv Li acetyllﬁé
catal yst (20% per weight), H;
4.4 equiv BF3Et20 benzene/ THF:
103, neat, 8 h, 25C, 100% (j) 1.
25C, 94% (k) 1.1 equiv p-Br-CoH4C qullv pyridine, 0.1 equiv DVAP,
CH2Cl 2, 25, 2 h, 95% or corrpdi:snd 5, 97% fBr2 conpound 117. FIG 22
depicts the Chen8D represent ati ory of REEP drawi ngs of conpound 116 and
117, shoding only sel ected hydrogen at Oms for sake of cl arity. FIG 23
depicts the synthetic schene (Schene 6) (%f the tricyclic core of (-)
acanthoic acid of 30 Exanple 1. The reagents, conditions, and percentage

yi el ds of each s wer e uiv Ph Q5 equi v Al BN,
xyl enes, 120C, 13?%{ g@%%oil%ﬁfomfmf‘d & fﬂ"@gla é@fjﬁéb kA 0 'ge’sfi‘"‘wfﬂn%ma“ie’ 1% qui v
pyri di ne, 15@)@"“&8’3‘?{1)81&9/834(5057,18 is) %qmnvt bydspee® () B ROB Rs §n@ metiyli v (BRGliA (1 M
in CH2Cl 2), KakiR8), B, issd&bted tfrom Qfe, grcﬁ@cchmstﬁér%hyexdﬁcn]a }élo%%(}b}l\@wmaﬁm 25C,

S0 mn: (e) Banexi, (a%gxcmgﬂ TSP Gidl (I 6 (Qusr o dz 993" ghsk: (1)

61% gg) IN HCl, THF, 25C, 15
C_ ®ioh, 91% (g) Lindlar’

& 10/ 1. 25, 10 min 95% (h)

%?% (i) 13 equiv conpound

REHE, THF MeOH 10/1, 25 30 nin,

di-

13eqU|v Dess-Martin perio eqw\/ -8 1
Cct ober 2oos(Cv@zﬁ%f?%mafpeﬂ’rdwcﬁa%séwdpsfﬁh@ﬂs%@u) zﬂuzs i ol VS (1. 0

in THF), THFsubdibEd allsh(rG 6 Ukénply,eC:-CWoubstit@isJikenyf))and COCLiaBls, UBMF thede60C, 3
h, 93% Det aih&thnDRS &', ¥eperréb9@el&fed &he cBosaf @. Qrbﬁmpgldgr%nb,&@fm% §QﬁPOU“dS

of t he |q¥ent|on have Eg al str ure shown
acyl residues, and 12 esters, and is most pre era ly selected from COOH and the C;-Cg esters

However, in the event that (1) all Rs-Rs, Rs, Re, Ryi-Ry; are hydrogen, (2) Ra, Rg, and Ry are
each methyl, and (3) Ry is CHz, R, is selected from R, is selected from hydrogen, a halogen, C-Cja
carboxylic acids, C,-Cy; acyl halides, C;-Cy» acyl residues, C,-Cy; esters, C5-C)2 secondary amides,
(Ci-Ci2)(C1-Cy2) tertiary amides, C:-C); alcohols, (Ci-Ci3)(C-Cyz) ethers other than methyl-acetyl

20 ether, C5-Cy; alkyls, C-Cya substituted alkyls, CZ—CIZ alkenyls, C>-C)> substituted alkenyls, and C,-C),
aryls. Under these conditions, R, is preferably selected from C\-Cy; carboxylic acids, C;-Cj; acyl
halides, Cy-Cy; acyl residues, and C;-Cy esters, and is most preferably a C,-C; ester.

R, and Ry are each separately selected from hydrogen, a halogen, C;-Cy; alkyl, Cy-Cys
substituted alkyls, C;-Cy; alkenyl, C;-Cy; substituted alkenyl, C; - Cy; alkynyl, C,-Cya acyl, C,-Cia

25  aicohol, and Cs-Cz aryl. Preferably, R, and R are each separately selected from the alky! and alkeny!
residues. Most preferably, R, and Ry are each methy! residues, although one of R, and Ry may be

methyl and the other not methyt in preferred embodiments of the compound of Formula (II).



R8 RIO 5 The R-groups of the conpound of Fornula (I11) may be
the follow ng manner. In the event that (1) any R3-R5, R7, &8%&%%9@133 i's

not hydrogen, (2) R2, R6 or RO is not nethyl, or (3) Riois 10 not CH2, Rl
is selected f e group consisting of hydr ogen, a h gm% Cl-C12
car boxylic efcp:l@ghgm Cl2 acyl halides, Cl1-Cl2 acyl res{:ﬁﬂﬁﬁhsz 1-C12

esters, Cl-Cl2 secondary am des, (C1- C12)(C1 Cl2) tertiary am des, Cl-Cl2

al cohol s, (Cl- CIR) bChe S%l%%:zaﬁ& hoks are Sk ra%lkz%%ﬂ%(rcéd ‘f:?.L b, %ggg%t&ked

al kyl s, C2-C12 al Supst |t

Under these k¥lofifre fibtitited gy, §"EP§'1’“’é’P"aB1 912 wlfigieda e'ﬂ Gnt edomyl @f C@@z

car boxyl i c aeil.d®efe@blyOlR RacRsl Rh &L iade 8, -RGlarCidzh bidraey br & €sCdues,, andim@dstCL- C12
esters, and ptre‘feraw% r@rf%f ﬁ,rﬁéolmw 1§efl ?&s &dh ﬁfngénCmdrt% EnddsERraCFRET S

However , 1% gv?{ éﬁ ﬁ% 2 | J -R o RO 3 are hydro en, (2)
R2, R, and e "8t R eI ‘éh%?e‘( “"Ri‘6°i’§fseiﬁzbeP&'Wdé‘)ggw“wfféf& from RL
is selected emlbmw%?dﬁbeg@mpﬂuadﬁﬁwgieﬁn Cl-Cl12 carboxylic acids, Ci1- C12 acyl
hal i des, d-Ct2 R&yiele&&ﬁﬂodﬂ@&ﬂge%'h%n @tﬁ@ﬁiy! @%,Qll%m%@&&?maé}’c @ame

Cl-C12) (C1- t e et hers
(()t her t ?‘](an CC%; I.lbsgtutte Q‘Ze}{%aa%% 28/, al &Flcgna"erabl?yk § 18 is séle&%g:%iiﬁ :]iéc? %Sq."l %%}
al kyl s, C2- G dheMor grefer@zméma§u%sam w@wstawefe@ww’s is mghell. C2- C12  ar yI s.
Under these condipiisonBstedRioni Bydppef enakpky Bl @, atylf Comp Wittt amﬁr@mgyl ic

acids, Cl-Clg. gﬁ%z-cﬁ Qn?o'st'it&i&lsa[ke% @]@mﬁ&“ﬂ LR ‘E“ea'?yl 31“9 bt En%%ﬁ rthsé agd

i S nost ref er fs are each separa é
from hydrogefﬁm“tierﬁ&ihaa’éww“éﬁ Fewﬂaaﬁlkwrefe@&wﬂ dogbif, bgng. tbmlw bgp ;ﬂ%nglecz C12
al kenyl, C2- tOicQa Silbskle bend ada betdaropic singl2 bond. Ghr&eratlik R nysl GH, GICHGR 2viaeyilR; isCL- C12

25 al COhOl g‘@/‘l %%6¥Jbstltﬁgd%fkﬁr %&t)ﬁvefelggly%gsag are each separately
sel ect ed rom tl'ﬁ1 eferably, R2 and R9

n
are each'het hyl Jééé‘s are aff‘iﬂﬁﬁﬁg%'ecéﬁﬁl ng%{'na "ﬁ@gﬁ’ﬁ'{’og"%ﬁl{‘)ﬂry‘ﬁ “@nd t he
ot her not nﬁvhwtﬂ! n‘k.ﬂ:r EF6r fﬂ@ﬁy]eﬁb@dwh-’émeé atkfnyl, - cirploli rrald B-CRerylnith (11) .
-9 1 Cct obernydffd8and0,-004148 258, s%ﬁhkﬁﬂ@i&&?ﬂ&er% R4, R5, R7, R8, and

R11-R13 are each

al kyl , Cl-C12 sub?t?‘fj‘?l’}?’tég‘l”){ef’%g‘{ ‘%E“?ﬁ%ﬁkgp \F/‘qupa?iﬁ‘ﬁ%@?ﬁ%bét "tq%‘t %‘é

al kenyl C2-RotBu, ek Pirghesen el ﬂle;tfy@fzyste&ragﬂ forlrP’F‘e LreEire; badsRs Rd RiRBay 1R7, Ra,
and R11-Ri13 eaiyEneeaﬁdnestwdm@geﬂud@m covalalt-CTb liskade\HetweankkirrBpdctive pr@h kathy R3,

R4, Rs, R7, rati@%q a%nﬁl § n%lcnﬁare%q'ﬁg Il]htxéj(go%g&lad of’\'%ﬁﬁ aL h?l gssasfurtl% V\%xar%]g or

several of e 't he
ot hers may R HeE "H%fd?aéid’é ﬁ°‘"“‘?dnbyp°|b‘é’ls'éﬁ’r ?%HP*‘%S’HFWT € fE)"f““t Yi’é“"tic?rﬁi‘&ﬂﬁﬁd of
For mul a ( 11)most particularly Ry, Ry, Rs, Ry, Ry, and Ry j-Rys,0f Formula (11).

Certain preferred compounds of the present invention have the strueture shown in Formula
25  (HA).
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R6 is selected from hydrogen, a hal ogen, Cl-Cl2 al kyl, Cl-Cl13 é&!@fa&bbéﬁt ed
al kyls, C2-Cl12 al kenyl, (C2-Cl12 substituted al kenyl, and C2-C12 al kynyl
Preferably, R6 is selected from hydrogen, a halogen, C-C6 alkyl. Mre
preferably, ’%ﬁ Cl-C6 al kyl, and nost preferably, l;%q.@ e%g; jhyl. 10 RO
is selected omhydrogen, a hal ogen, CH2i C1-C6 al kyl 10 Substituted
al kyl, C2-C6 alkenyl, C2-C6 substituted al kenyl, C-Cl2 al cohol, and
C5-Cl12 aryl. The bond linking RL to the remai nder of the conmpound of
Formula (I1) is Freferablfy a C C double bond, but may be a C C si ngl

bond, a C H si ngFts Rowetas ofdie comnrutdef Bamppdlte) ernisselectsa rthe fpvoew*erebtrey "Riois
CH2 or CH2R'thewhear tatif al R:iFRS, RyaRu(G-Kibisabtlhydrogeig R, @ RO nEStneSiDRE isthott@y, calfkyl .

Most preferamymmﬂam;o%c@:&qanki,ﬁsléﬁasaqtsaec@ed%me%as@&.e!n }esgtedgq Cg rom

hydr ogen,_a hal og substi t ut ed a‘i

al kenyl , czhésgegu%g‘?‘? %{t é’dCaéF’f%gnffl’J( érc't:%’y‘aﬁ‘a&% o Craify ‘&d"@ecaFylestefw th
hydrogen and-Ch- e@ndatviaptides, (T-Go(C-Ghs teitipy tamiesn Ck Gl akehoks. (©r-6£X%G 1G4 ethirt, al so
will be apprce@.zam@r; ¢ s&ﬁaamaeadmyeus,-@, Qkéﬂ&lp% cmsgst.tmed Liicdapth. aUhder Be R4,

R5, R7, corﬁiinP]sRéléprefs rablﬁ%ctede fronb(?é&% 6,5 %t, calf:oxa{fc a%g 1: S §c¥ﬁ1 £ 53 r 8 f or med.

For exanple Aor &t ncl ude
a coval ent @cxtrewiitr?ka'g*& fetefie ﬁndt'ﬁéqsrpr?fe@ﬂyeelﬁqteééom épﬁﬁﬁeﬂ thqﬁr%eafes

generatimg an adohiteegdhadhatSil R RERDRYL RER:iaRYydrdger, Ineana(agmewaldmalﬁyl Redmpisa (11).
As a furt herc}ﬁ%p&pzb 1R, rpgeﬁct ffhlml h?dr%éepgshalgg){ Cb %.1 cQ‘E g apys Eh@u ?cgn%hdes

appropriate em cal  speci es e vario dlarly
AR AU I LS AR N T S WL
conmpounds ofalcb}lme (Pr@sERC:2) eiveenCi-On alkydy €:-Ch eubstttnedciiyb.eC.shoakenylanF@s-0ul a 25
(I11TA). R11 sﬁs@tuﬁad]@(eh I%ﬁd@ftlﬁ'e@e L%%n %fl@@?@ia? Qﬁo“%o%ajcg’tg&;h a'@@s B-Qr oups

of the c ‘—lp)ag | OW ng manner.
In the r{:!trj Hﬁ?"df ég)s a%‘y sm’ﬁa“dl‘s r?&?ﬁpr?r}gab%at ﬁflfffebgen R2 or R6
is not nmethyl, RRos ;eéctmﬂomogcma hplpgen,iGy-Cia gtkidt-Crasufetittthrbatky R1IQ-Cha2 @R OH and

Elll is OH, %]z—dus;ulﬁﬂtbtg@ﬂ@dylf(lfgomgtal’k?nygrcqlap aSQNS LS bicslr, 8 d})gqragmenefeem,‘s | |
n, car l.de ac
al oge CCIR_%T!% are each scpara %\éé{akﬁgd f‘%m tpe %} df?ﬁndcl%en ﬂ'esYdlu C?o:&gg? EI Ré‘ y

resi dues - este
tertiary amife®ch E’Emtﬁ“‘% (:”(B‘FFHE*SO“E("@BJ @Ry - bEI'E)“Y'e%"HéFeSO‘th ot rehyl i) kyl s,
Cl-C12 Sﬂ[bstpkdfdﬂﬁeednbaﬂ:hyﬂt@fﬂm%nﬁdﬁd6’(1Héﬁﬂ1}a|(BA) C2-C12 substl tuted al kenyl s.

Under these cong] &i QD% R‘?,Eanaﬁ Rleferahl aé 58&&8&4 N LOgQiL L2
i’ residues, ¢t-c12

boxy| d hal'i d
S oY e S Cfed FarbEvbE e almmce%‘éﬁﬁm & e GsCar o

aryl. Preferably, Ri, Ry, Rs, Ry, Rs, and Ry1-Ry3 are each hydrogen or a Ci-Cs alkyl, and most
preferably Ra, Ra, Rs, Ry, Ry, and Ry1-Rya are each hydrogen. Nevertheless, any one or several of R,,

25 Ry, Rs, Ry, Ry, and Ry-Ry3 may be hydrogen, while the others may be not hydrogen, in preferred
embodiments of the compound of Formula (IIA).

R; is selected from hydrogen, é halogen, C;-Cy3 alkyl, Ci-Cy; substituted alkyls, Co-Cy5 alkenyl,
C,-Cyy substituted alkenyl, and C,-Cy; alkynyl. Preferably, R; is selected from hydrogen, a halogen,
C,-C; alkyl. More preferably, Rs is a C-C; alkyl, and most preferably, R, is methyl.

30 Ry is selected from hydrogen, a halogen, CH;, C,-C; alkyl, C;-Cy substituted alkyl, C;-Cs
alkenyl, C,-C; substituted alkenyl, C;-Cy; alcohol, and Cs-Cyz aryl. The bond linking Ryg to the
remainder of the compound of Formula (11A) is preferably a C-C double bond, but may be a C-C single
bond, a C-H single bond, or a heteroatomic single bond. Preferably, Ry is CH; or CH;R® wherein R is
a C;-C; alkyl, or a C,-C; substituted alkyl. Most preferably, R,y is CH,.
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10 In the event that all R3-R5, R7, R5i R ,-R13 are hydrogen, &0&@%(@ are
each methyl, and Rlo is CH2 or CH2OH, R |s sel ected from hydrogen

hal ogen, C,-Cl2 carboxylic acids, Cl-Cl2 acyl halides, Cl-Cl2 acyl

resi dues, C2- C12 esters, Cl-Cl2 secondary ami des, (Cl-412) Cl2) tertiary
ami des, C2- CY8%%F%ohol . (Cl- C12) (Cl-C12) et hers, 8% 'f“%z C2- C12
substitut ed al kyI s, C2- C12 al kenyl, and C2-C12 substrtut ed aI kenyI Under
these conditiong t o rCAI Roxyld ¢ d’:lCI ds
Gl 15 012 acyl b FREE LY PRLER Gilgl HOlblaltEas R RERL X, the

nost prefer BbiRys BaCs- %e'e%"ﬁ'e‘ihat CF@" Fyéte‘gé'leé?ff“édd Forp WN?&P%&@&" 5‘%‘3&]” "gen

Cl- C12 al kylkthyiéat nicikides sutbsdyi itdlide sl caakibiy £ linGize @1 2eemthkie reytestive ©2niB1 Gurbons,

substi tuted agﬁ&’@% dlggnaT sr@%gn@ ekég-ﬂ the gaﬂpg;]ngoﬂ%%lrwla (@3‘)' Gl f@\{lﬁ@&kp&e and

Cs-Cl12 aryl. era are each par at se ect gd fromthe

al kyl and abixsys “rgégrﬂah%?m’%éf"%r"éfa@P'aFB'r‘S‘% CheRF PR Pt U T VB hy !
resi dues, ahiokoargdlaonk;, B RKRRy, Rinehd RO-Fey Fpoulp@ihy| and t he ot her not rret hyl

in 20 preferr edc&ﬁﬁ@%k%%épo@iﬁds Bihﬁ'e &@H@Qbmdonofmlﬁ@fgwn}ﬁur(dlﬂe@ém deRgatelR4, RS,

R7, Ra, and R 1-R13 r pgen, a hal ogen,
Cl-C12  al kyiLhELA 3sﬂ‘§§ﬂl%‘ﬁ Jg‘% T”k"a S‘““’?‘&“C‘* g"d A *%é"h”'%/(%cz C12
substituted al kenyl, C2-Cl12 al kynyl, and Cs-Cl2 aryl. Preferably, R3, R4,
R5, R7, Rs, and RI, 'R13 are each hydrogenRspr a d-C6 al kyl, and nost
preferably R3, R4, Rs, R7, R8, and R dhe each hydrogen Nevert hel ess,
any one or several of R3, 25 R4, Rg; d R11-Rk3 may be hydrogen,
while the others may be not hydrognRg ef gr.red enbodi nents of the
conmpound of Forrmula (I1A). RER4s sd| ecte omRydr ogen, a hal ogen, Cl-CE2
al kyl, Cl-Cl2 substituted al kyl S} #l kengl , 10 C2- C12 substituted

al kenyl, and C2-C12 al kynyl . Pref 6 is 8elected from hydrogen, a
hal ogen, C1-C6 al kyl. More prgf T lfza Cl-C6 al kyl, and nost
preferably, R6 is nethyl. 30 ngF 5l ct ed rom hydrogen, a hal ogen, CHZ2,
Cl- 06 al kyl, Cl-C6 substituted 3<yl ]CBH:G al kenyl , C2-C6 substituted

al kenyl , "C1-C12 al cohol, and CS-C12 ar¥ The bond linking R10 to the

remai nder of the conpound of Formula ( L&) is preferably a C C doubl e bond,
but may be a C-C single bond, a CH single bond, or a heteroatom c single
bond. Pref ermbRygrouRlef theScofsbbud aff Foph2RIIBMvey & saled®d inghe fallo@Be@Gamah:kf is or a

gé/ % Zggb E) tCI'ISI 1%%&87)1% Iﬂl@é oup Ms?srtméyf ﬁ;d?orgaﬂbi Naiogﬁléb(bl-ﬁ CCUQ carbo;le}hc Ec:@@' lezQEyl 2 003 WO

w | | a ecr th
groups, Mbsthash Crtapyt ﬁ*’i} “R?S %&Efeﬁsc"c%f'g ryag' &Rff?(édé’n%ma aﬁe dhosen
such t hat cy(dmucaltsaydi, € Q)& Loy wtesch, CFow alslnfple, subvited F%l‘@'sa‘?xlei‘Ee"ﬁay be
et hyl ene m'(,e,,td,zes%bs@rﬂgd RRy1k, REd OtS, Ayi6 OviabaRtke dondRichd, RKRGRfRAl WEERd fh@i I
respective L&%ﬂ} E:alg: Ca bo{l‘ﬁ_ﬁ&ds, %rafciyg Q@ﬁae @dadc'rvTr:)r":s;dﬂ%' ard | TRIBE i 1 NG 1N

t he conpoun ifaY
most preferably selected from COOH and the C,-C, esters.

20 R, and Ry are each separately selected from hydrogen, a halogen, C-Ciz alkyl, C;-Cy;

substituted alkyls, C5-C\2 alkenyl, C3-Cy» substituted atkenyl, C; - Cy, alkynyl, C-Cy; acyl, C-Cyy

' alcohol, and Cs-C,; aryl. Preferably, R, and Rg are each separately selected from the alkyl and alkeny!

residues. Most preferably, R and Ry are each methyl residues, although one of R; and Ry may be
methy] and the other not methyl in preferred embodiments of the compound of Formula (11B).

25 Rs, Ry, Rs, Ry, Ry, and Ryj-Ry3 are each separately selected from hydrogen, a halogen, C,-Cy,

alkyl, C,-C2 substituted alkyls, C;-Cy2 alkenyl, C;-Cy substituted alkenyl, C-Ciz alkynyl, and Cs-C)z

aryl. Preferably, Rs, R4, Rs, Ry, Rp, and Ry-Ry3 are each hydrogen or a Cy-C; alkyl, and most
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5 bis-cyclic rings may be formed by choosing appropriate cheni i es
for the various R groups, nost particularly R3, R4, R5, R?,mg%beﬁgﬁﬁ
R11-R1, of Formula (I1A). Certain preferred conpounds of the present

i nvention, including conpounds herein designated TTLI @%ZD;FTLB and

TI' LA have t B@%F8% cal structure described in Formul & 10 (11B) The
R- groups of the corrpound of Forrrul a (11B) may be seI ected in the foll ow ng

%I’_]ler Ct - ’Cli)regaéar% (i%., 8 a C and rQr Ougach h 1%!%%'[ hla\%rth ess, %éfne%i édvexa O:?ﬁx, gen,

resi dues, CRe &2Re§t’éﬁ% Rir&p- ”@12’3 §1§’é‘?¥ﬁ‘dd’1h9e HpPiEuEs may @1‘10(:&}2“506@11"031@7"3? ertiary
am des, Cl-fladinghe oftpd Smpdufdlor RN @BY.C12) et hers, Cl1-Cl2 al kyls, Cl1-Cl12

substi t Ut ed al ky 4 segﬁ &Elo%r Jirgu%pxlhﬁoaen GZC %lgyi%%sats!r%ﬂﬁt(?ddallﬁ%s Kf,e-%é/fl ?(Btg?nd

C5-C12 yl s. ese c tions, R é
Cl- C12 casr bé%(ﬂnSébs%\‘é‘F‘?j§ke"’(i‘la“@ﬁQClaé‘W“"haﬂ“‘rf?ﬂ%’@’ Ry sefeptod fpey, ydpoget gfaegen and
Cl- C12 est ensCsand Mee prpglly, Bt ek 6 alalkyl, sehmﬂbeﬁratlpMsmﬂ and the Cl1-C6

esters. 20 R2 ang RO, pL& RAFRNIERAS aligly &) qrﬂ f@, areoa al ogen,
Cl- C12 al kyl aﬂ&]?“ Subst By k?‘g @Q:% yl Qﬂ‘s E'yl a-d)

e
2 o Y elrt? SRS o ) S, o6 CL2ed) KE oo 5Bt B e anc
C5- C12 aryl .renRjindéref abhtyqpom offiecnuRA! I s ercisrblh a S&hivrkit ey betariap bt ©&-Cisingin t he
al kyl angh algsgnyé- Hsfn%ﬁia@lﬁeﬁahm{omﬂrsﬁgi@ﬁcﬁ@' BeferiRBy, A ORDoriER "RAGHIn RELhY |

resi dues, alt t.h and the other not nethyl
in pref erred“ctrg\%b%g"l 0”?‘ ”Lrlsztinheraalkggwg?fﬁﬁ%af’ly’?‘r's()'(Hz 11B). 25 R3, R4, RS,

R7, Ra, and R1(-Res° ailde e@eﬁ'atsfbfbﬁr‘atre“wys B gloenrst erst erigmarhiye fedens Re. #74 ogen,
A -C12 al kW, R,ChraCh2 cipsth Sich at @elicaldeyl Se fofad CE@ eadnipRMoth, R,Cad ®lZmay be :
substitut ed e%lﬁ}é%%éimﬁl%d gl}zmalrc}éxga\lalgnt%’]g ln@ge%%‘l%een%% resTe't::)tr v@fteﬁr’nﬁ?ﬁlcy{'bonﬁs R4,

R5, R7, are each rogen or a Cl- RX 12 1
Qct ober EEOOC%BWRB“W“?@%”F’W‘U?W‘E%’?@? cpPRopEy o4 FprpulRGIB)- Sa‘i%he’ BYPOPIRG,  and
R11- R13 are bisagdlic hiyght royeha foriNaltor dhitelhe srpropdateychoment epecig durgheatariaf RR8oups, 1134,
RS, K7, R ol Rk ARy the, b pgestroMlbit he others may be not

hydrogen in preferred di nents of the conpound of Fornmuia (11B). R6 is
sel ected from hydrogen, a hal ogen, Cl1-Cl12 al kyl, Cl-Cl2 substituted al kyls,
C2- Ci 2 al kerDgfinitions C2- C12 substituted al kenyl, and C2-C17 al kynyl .

Preferabby, R6 igass®h E&&@%eftd’nﬁmnk}ydﬁ&%eﬂy u.aoréﬂa]le@s}%ncrredslat@ﬁeda{ykm&arboﬁ/br e

preferably, yl. RIOis
sel ect ed f ro%@rh )}gf unbranch% saﬁjrﬁte\é dnsu%&%t_ig? ch |re¥err€§6 neéwth nﬁ%h?l ?tra't ed
al kyl, C2- ceosbﬁrlkeﬁyqﬂ buezbees r@erb@ﬁr%teawélﬂreew'rﬂ“mbimeiez haigrecatients;, Crefrid

C5-C12 aryl .mohbanbaingd bicmkbdadgsubitititet @atdrdde@ hydrocarbons and amino-substituted hydrocarbons
are preferred, with perfluromethyl, perchioromethyl, perfluoro-tert-butyl, and perchloro-tert-buty! being
25  the most preferred. The term “substituted alkyl” means any unbranched or branched, substituted
saturated hydrocarbon, with unbranched C;-Cy alkyl secondary amines, substituted C1-C6 secondary
alkyl amines, and unbranched C,-C; alkyl tertiary amines being within the definition of “substituted
alkyl,” but not preferred. The term “substituted alkyl” means any unbranched or branched, substituted
saturated hydrocarbon. Cyclic compounds, both cyclie hydrocarbons and cyclic compounrds having

30  heteroatoms, are within the meaning of “alkyl.”
As used herein, the term “substituted” means any substitution of a hydrogen atom with a

functional group.

As Lsed herein, the term “functional group™ has its common definition, and refers to chemical

moieties preferably selected from the group consisting of a halogen atom, C)-Cy alkyl, substituted C,-
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remai nder of the conmpound of Formula (11) is preferably a C-q(gcq(%{) Eo{gond,
but may be a C-C single 10 bond, a C-H single bond, or a heteroatonic
single bond. Preferably, RIOis CH or CHR wherein R is a Cl-OC6 al kyl ,
or a Cl1-C6 S%ﬁéi é ted al kyl. Most preferably, Riois CH2. It also will be
appreci ated t e various R groups, nost particul ar PF§"¥8Y3, RS, R7,
R8, and - R11-R13, nay be chosen such that cyclic systemare fornmed. For

exanpl e, both ene noieties and may include a
covalent C-C éagéemﬂ)g?n ik %hey Ioaﬁ? eé%’é%‘ft?dv@’“f’%kryr'n ol sesigd rrey!. Bemeyl,
generating afﬁteﬁ’ﬁféi’r fub e h%‘FrRarX‘ﬁe‘ﬁﬁ‘@ﬂééi nirp.rfyndtionat dreipe DRIt sodcteF otmtka
(11'B). As a drasptdoesistigx afiRg, -ORgj SNEGRG| HER[, ,5195 fay-rhe, (o ek bycghoosi ng

appropriate I Ci fo ar S, articul arl y
R3, R4, ?@ & gﬁ%m@%hbc?ng“ 1¥ Pe&?ﬁl ﬁ%&ﬁfﬁ‘f W’%ﬁé‘p 2z used
her ei n, Ry Ry Rpflo: %%ﬁﬁs"oé%)uﬁﬁ%&ﬁ%e“@ @Pbsmua'n@ﬁ@dse f@sttoum artoaad

hydr ocar bon RanRitRaiCo 286 Ruanbrefiraivesh serataely adli@ @y frdmm&bl@rsﬁpl ctnmsﬁg ohé’l%;gge@r bons

bei ng preferafoedc -8RI $ubstitiReh YLy, SBYNMWhoalkyl QERHSY! eing
most preferred = Ihefroag)l s:%sst:%: stitut 1';fd,)Jﬂszfa brated h of’ %aa%b“bmu&ﬁ nmono-

and di- and en” subs la| 'ieﬁf"é’a R foéﬂ““t‘FyEﬁ"éd’érabci’r’ieha%df aromatic
am no- subst i ‘F‘aft’@’ﬁ’e ‘hifdpre ergfetsblt selectad Sompthe fempy edsistivng fh Hyanfeh woan@tdyydikyl,
per chl or tnetstbitutedperd,) M@M,Qerﬁ:ﬂd’g&n‘a@@mly}li ,cyl@:n!q/l Qﬁ:@tﬁthcdl cyQSa@(yF %lt su@%ﬁu}/ed aﬁ?l ng 25

the nost prq,fm@ ,rfgg he L subst i tuted al kyl " means any’ unbranchéd or
br anched, subs ma% sa@&?]écteem a’&r Carbon, with unbranched Cl-C6 al kyl

secondary ani nes s @EPQ%“E‘?% the gﬁ“séﬂal%“ sﬁe‘é:dﬂbwytomarelﬁaylto @omas the aaith-stbibr anched
Cl- C6 al kyl atoes bf @huypn AMbitesPdiadiaTRoMiof ik Bleindh@, SHetrbuly filoARk, Bioring YRRk, (KT ed

al kyl," but ,gg@,@ V%@,t,@il;,gg,qm . Ltuted alkyl" means any
unbr anch d or @ﬁesg su”él;{l?lt)eh?gﬂq uﬁla %gflari (Had hydr ocar bon. Cyclic

conpounds, bot h CIRYAD (P b GHEYEA rEraesy Y {ebreRsdounancdy ubgtute8 Gr
het er oat ons ursaibsétuiaf. pebsiayrateth bydrrealph.ngth@fi-‘Caliyshehed, ASnolis QehraRe bRl dlunshthifed € M

"substit ut ecnsubBRRS mbﬁc§M§t33§1h‘t ?%H&f £hd h)ﬁgﬁoqggﬂraﬁetdorgn—pglogen subs{ltu{'l E tional

gr o'up. As u%gcplo relbglh tmrcl)set er m rouE
definition, and rerferse {6 cHe ?ﬁe%al eﬁ?ﬁ“ef'i"’é%“ grsaylalstegns gy é'é‘tf@d’e# Pom t he
group consi §faP°r'1§ji EHbstizptad nestyested érctmwrb@lsum@tealmybqe @ Wlost flukctidnelCerdDis, wikid 1

Cet ober zlzoooanmm/cz@z5&@0{4.:};4&@9&3@925“@{,&@'& ,secaﬁja#;aélxgg?%ﬁn%{’ A Kyl
Cyl oa
hgt er oa?/yl %MPQIEHE& H @ddd(%%? 69‘%3 aMmfs bcm%//withm tye %hmmnt 0sub éﬁngi{q@nép{] 5%ups may

’u

al so be sel ei':HJSEEf‘ef ?IB‘TWII Frgans @WGLP&“E‘Bﬁ%f been¢hedy subftituteBRgsatura@RDdrocdxlin,, BYeli@s
-N'R ,, R" 2RimgBynds, MothNnfturated , cyeliP-hiRRock¥bond RAB eycliCdMpounds @Qmmaa&ws a&SRe,
- OCORc, - OCGhR he RORIng 502Re - CONR,,, R"2, - C(=N) NR, ERs2i - C02Ro,

25 As used herein, the term “alcohol” means any unbranched or branched saturated or unsaturated

alcohol, with C,-Cs unbranched, saturated, unsubstituted alcohols being preferred, and with methyl,
ethyl, isobutyl, and tert-buty! alcohol being most preferred. Among the substituted, saturated alcohols,
C-C¢ mono- and di-substituted saturated alcohols are preferred. The term “alcohol” includes
substituted alky! alcohols, and substituted alkenyl alcohols.

30 As used herein, the term “aryl” encompasses the terms “substituted aryl,” “heteroaryl,” and
“substituted heteroaryl” which refer to aromatic hydrocarbon rings, preferably having five or six atoms
comprising the ring. The terms “heteroaryl” and “substituted heteroaryl” refer to aromatic hydrocarbon
rings in which at least one heteroatom, for example, oxygen, sulfur, or nitrogen atom, is in the ring

along with at least one carbon atom. “Aryl,” most generally, and “substituted aryl,” “heteroaryl,” and



5 -S®NR,,,R'2, -S03Ro, -S02Ro, -PQ(ORo)2, -NR,,CSNR'2R ,,. @{i&b@nts
of these functional groups Rn,, Rn2, Rn3, Ro and Rs are preferably each
separately selected fromthe group consi sting of a hydrogen atom C, -C20
al kyl, substituted Cl1-C20 al kyl, cyloal kyl, substituted cycl oal kyl, aryl,
substituted aP§P¥2Benzyl | heteroaryl, substituted het é’FSéF‘Vm&’nd nay
constitute parts of an allphatic or aromatic heterocycle. RC are
preferably sr.a sti ni ahdro - C20
al kyl, 10 suB& F‘P&?*‘*’t Sk &’6‘ “‘k"l'lylo'y ’e‘n" P‘B"agﬁh‘{"éﬂb"élﬂéﬁ @S?'iﬁbgﬁ"w%r ve
subst it ut ed e apatsiapd mog pipferably l]f’dé‘t% F't\ mo'éﬁcoarpysrm" thelyimpz Jlke, terme‘s@scotaqdwryl”
SubStI t ut ed iabdes @akoydnd poighsbytmnmd. ands sdﬂu&ﬁﬂedhﬂﬂlefon cxatnblle aﬂl@l’ B, all@alyogﬁd% and

" hal ogen at Ozmxm FJd%, 1%%50%& “gag'oa 1? snlae’s ?er aeg Ster?ﬁry if. used sepaha?d/r spﬁcryc 4 om ne

t he PerlodlcT l.enent’s, 'or'i ne,
or ioding, TRICE 19 AFmas Y AeCaEARringh ingYhic é‘ B8 %ghwwrnefsrr ‘a‘raflﬂlg)e ﬁFEPIEFLﬁ@d or 15 As
used her ei n, nitedpen r@w, hil ab Kenriphs witeaes: casarbainddsnranched or br anched,

substituted or l’lﬂ§‘f§|§§'$tﬂr§egvd uma@f» gt sdanbmr;{r?rcﬁrdbgﬁgmr&éd s%m% or

unbranched, nono-unsat ur di -unsaturate
hydr ocar bons " B¥riged, Py °éd“sa‘&rﬁ‘8d s o U rfe e HPORPEAC: stirateia pRsERSTRUEL BRYS ¢ ut ed
hydr ocar bonsbeirgi mferrrp swithpdiofted,r dishyl, Fieghytigrbmy!, sudbséthyi-utredyladtheasnyeing m@ans any

unbr anchegl Oﬁrefertbﬁaﬁﬁlfhﬁﬁls efﬁHb%Idl Elw\?dmbm @Er’a‘l[ya:gn@dcybl}fﬁ&g)caar'ré)%ghc &Hp%dré uted
wi th one or nor t i_onal nogr ou

secondary a aﬁtg%ar Ys ueb T et alamg)t&é'ysrg%ﬁﬁlbé’?v P&fﬁ?@ﬁgr‘” e, twﬁ?ﬁcdatgms
unbranched @ﬂw*%ltﬂ@élﬂw tertiary am nes being wwthin the definition of
"substituted al kyrhe termlegtert” efeimto an)SbHBﬁﬁdhéd,IBﬂdanaJeK@\Iibytttutedmi‘aﬁbﬁbsﬁtﬂﬁéd l:l:ﬂlb‘ﬁt@d']c hed

or branched, orSibh %Irdt%%!u%t@rd W} %?-EUEPDF ﬁeéﬂé Grgcgaa upsgbstltut % ers bein rrerc? Wwith bot h

unsat ur at ed c% rocar bons an i'c ¢onpounds havi n& 'ﬁef eroat ors,
are wtHh?n PH W&ﬁ?%ﬁ’bﬁﬁ"e“’éf’%ﬁwtm Sd As used here| n, the term "al cohol
means any unbr anGhegmofprddrenshetsseitlyrvatedfcoing wsas- m{:@ésed of thd @R&Ind ofM t h

Cl- C6 unbr angfaed. (I)SﬁFeHrt@rI (@rgmcav&ﬁ%%df ¥hUt:cﬁ'|ﬁ!)0|§1lj 8O agidi géngfgrmgﬁ BhLEL Eo%@id and
with nmethyl, eth i SO alc nost eferred.

Y, ein
Anong t he su sfol“?éi“%cfm eéaé'ipif l?i’thé%qésl’ ?)E’]'B‘fd ¢ “’CT }Q’,%“(RWBFFEF g“’o‘le“?ﬂ‘ﬁé 5 tuted
sat ur at ed al &o¢rgipaung pithppresprs fnvesntion frmed bxethrmddigibrod law of swmll egterefgrmirglgiowps t Ut ed

al kyl al Qﬁ)hOtlhﬁ ar@ﬁﬂro%ﬂhﬁﬁdd&r%%lo@ickQ:Br}ﬂhtioﬂsl cehabss oﬁﬁo—&%aﬁ&&%&@f @fciﬂde t he

term faryl” r aqubst tntE=
"substit ut e dﬁﬁbgfaglﬂ%ﬁn?le?cgt{»\%ﬁc&h ppt%?l d% d% la l{i m w@/m%tlh%],raa Fﬁ 6)H1er su%&oups
preferably hlﬁ‘\‘ﬁ"'htj tei a&?e’“ﬁ‘f""‘élaﬁ Betores! 3 ‘E@‘ﬁ*ﬁ’i‘ F"Si)ﬂhfﬁlyt ﬁ@lpr@thﬁg exapiies ef@rorsug
"het er oar yl "esangloips tda St Fountt ie.dorredmple R Hiduchi i e Stelif) inPRMRIE & rhwelrmg@p,bon

rings in whi %eﬁ-ﬂ' ‘bcﬁaﬁtA @@%yﬂﬁ&sﬁ&%@ﬁe@rﬂmi&g cﬁ%ﬁﬁ&Péo%retﬁ?i%%e%}u "ﬁr%lrevers:b’lq Aryl

nitrogen _ato the rin |
nmost genét al ?E’;V 'edeﬁBmgPa%%‘t Thf’?ﬂ’ &y Aﬁ?'&‘f?“"“ edfesh By E By Rpphe s Pergpipon_Pyegs: ?ﬂe‘@ft’f&ber

2003 14-21 (1987) (providing examples of esters useful as prodrugs for compounds containing carboxyl
groups).

The term “pharmaceutically acceptable salt,” especially when referring to a pharmaceutically

acceptable salt of the compound of Formula (I), refers to any pharmaceutically acceptable salts of a

30 compound, and preferably refers to an acid addition salt of a compound. Preferred examples of

pharmaceutically acceptable salt are the alkali metal salts (sodium or potassium), the alkaline earth

metal salts (calcium or magnesium), or ammonium salts derived from ammonia or from

pharmaceutically acceptable organic amines, for example C,-C; alkylamine, cyclohexylamine,

triethanolamine, ethylenediamine or tris-(hydroxymethyl}-aminomethane. With respect to compounds



WD 00/ 73253 PCTI US00/ 13202 "substituted heteroaryl" nore partl'@c%baer 533
refer to aromatic hydrocarbon rings. preferably having five ‘of six™a

and nost preferably having six atons conprising the ring. The term
"substituted_ ar i ncludes nono and pol y-substi t ut egecqjp¥joRazeSubst i t ut ed
with, for ex‘ﬁﬂﬁ%@?ssal kyl, aryl, alkoxy, azide, anine, and am ho groups.
"Heteroaryl" and substltut ed heteroaryl " if used separately, specifically

5 refer to & ]%mtmllt%] FXtCLFer%Qg Q\Q&s e 3%erk§ex¥\4§'ﬂ!£ Rt @ﬁrﬂa@%ﬁl]ﬁ@&ptk@ fksQat om for
exanpl e, oxy ul troge th at

is
| east one c%?db’éﬁ"%tsﬁim"f H*ﬁ"é“afeé‘i‘cﬁléy a"%i”ﬁbéer "“°’§H‘8 on %{W‘Bﬁ‘i}‘% 1lr"eff"g}’p{il"t’ g\’dgc’hvﬂc
unbr anched, sulftirich pievstbi@dscidserbdptiaticudrebratic cathaslibot pufortieaid, §<atel>3%l9ﬂee€t§ett§r

unsat ur at edsu@éugce M gciil Fr\mtcCltartQQ URky anched nlc&ﬂtcuhﬁﬁ]ﬁ)gsulf&hrw lpb@ﬁdniuu'&lﬁﬂ o€t hers
bei ng preferre W t

i et h b
ITE t hyl - t &rt n%-,u{«,%nesé[f%&rqgﬂeel:h%/{‘.aﬁe%satrmaf%méal c%mé:o;(t:o ds of?_tﬁ HrEXnt m\%‘[&%n mclude and
"al koxy, " npistmagatietnbdesptablg s wedyrid-gras wwf the rFere ROy ‘if@‘“é'f’H%F“)’ %P é‘"d
particul arl FHB refer to any non-aromati ¢ hydrocarbon ring, preferably having

five to tve rrpgdl”s‘lsm)gtaritxa@ %Jnﬁgi ;EE 1s£l§c£zfn as %%q{erelnrﬁfere{o £Ho any

unbr anched, or ﬁﬁ%ﬂ%dpu substltu uhsubstituted, saturated or
unsat ur at ed c@@p@ﬂ of Y yen@m-beigs FRsI9F AbreHistmilag WP‘&F%‘H“ Wf?g e sePPUE @b e st er s
bei ng prgf efdvaston 1W1ctnha1!y hGodmd vyits naahlatate, sa ek thesobpeuyd of ¢ ingentifyediompyisesas t

preferred. Th%ggr,@l s%p{oﬁ)u Qrfz'dfg a‘ﬁ?&@;& prefeﬁﬁpﬁ%@kdworw%raf&%ﬁm Pelgik, 3ra
pro-drug ester of’ tHhe oun

refe
derivative @fg“‘Fh@‘“éBwﬂ)‘bEfﬁd’rﬁfW&E erphod 'P&B%"’?‘”ﬁ?éﬁg Rt °‘(’:l“"|°‘r11“dv°|f\(§15 "fve'%'on
t he conpoundgmp‘rmhg £ Jeasrpiveqf the ynadsytot melelytsif 8 sivan siskpdsod. The term " pro- dr ug
ester’ refers t Ol'hqqérfnya&n’t:‘éﬁr@erpf“anuttmﬁ‘ofc ﬁlﬂp(ﬁlﬁﬂdgrﬁiﬁh {oBRitipg, © SR tmddF@Nthe ON

formed by the addition Sev, . ester- r at are
hydr ol yzéd lﬁ‘i'?ae‘fomﬁ‘wg 8‘1%51@ Eréf ‘%hbbﬁtﬁ'ﬁt?"gnrse = WhEP Rl 3?‘ e i Qe dss ;%&Qé)g{aer
groups i ncl wokior thejtera ey sttt the pressrc 25 haetbise °°m|5?1‘f“li1élc?fﬁﬂﬂ°d withd ¥ e and
nmet hoxynet h)éiowm@%f WE Irdte S¥Sgr&ith 6f thS titibr G caidRGus ka0 \Wiork refehably,ahd temisriedtdi ng a

(5- R 2-oxo0-1, 3-di.oxal ens4- [GU S ) Qaishon g
est er group rt?gh E)ntl-t r%olihdtu%or)gq%;tmxhxbigl; *Rﬂnb%%é"% d }%mgn%fep?o ag{o I ao, in

"Pro- drugs detwhovhe|proswaps of B §ubieggaTRapce: a“d ‘\/5?5‘ ‘hiﬁmp°ﬁ?rt?e§at'°§9%’8%ﬁgﬁ?ﬁﬁt SEries,
ANer i canaChepdwainbf 0 edntdrgps (nkQ7 Shhe sand“dhBhaoeeal Smiiplos” ABndEarorbenhibiting” Dr ug

Desi gn: ThEQJI Tg‘gg(; Aé?p‘lrédﬁ@ﬁ » QRo ref@db t}ﬁqlmhéﬂyﬁn 1R mﬁpﬁlgﬁrredpﬁfbMB of’hess: New

York, 14-21' rovi exa f’%h gsters Hseanld'at as. R dl’(l).;_g_? for
conpounds cofieafiopi %i?"&'%ﬂ%(??&yf’e” ‘g"r%%g‘éj o HHEFE TP T elit I7e eIml
accept abl e s&luttjon inasqpess althepurmdneFheseéras refenty cmeranqo‘ha@lxm@@%m’e&alp Ia'ymals

accept abl e Ssg%c}ﬁcﬂlfy14mnaermpmmsp%fcﬁgnmm(I) refers to any
phar maceuti cal |'y_accept abl

to an ac Pa addi t Tjaﬁ,}e@alslfm Bagnegls eans aralngm r%nes cra y a thrg\ skﬂrrgd};gg mlng refers
phar maceut i cabbgenia otgipteersisient s*athtbuwoé ligited b ‘Féd‘?eia""r&ét’ &P nE”é?scosw’( IS AT or

pot assi un, HQeodleKsY rkiB@nce Aiditlin its entirety.

The term “viral infection” means any infection of a viral origin including rhmowrus, and
preferably, but not exclusively, refers to human immunodeficiency virus (HIV), human
30 cytomegalovirus, hepatitis A, hepatitis B, and hepatitis C viruses.
The term “cardiovascular disease” refers to the various diseases of the heart and vascular
systems, including but not limited to congestive heart failure, cardiac dysfunction, reperfusion injury,
and various known peripheral circulatory abnormalities. “Cardiovascular disease™ refers to such

diseases in animals, specifically in mammals, and most specifically in humans.



metal salts (calciumor magnesiun), or anmoniumsalts derived dg Q@}Dnl a
or from pharmaceutically acceptable organic amnes, for exanple

al kyl am ne, cycl ohexyl am ne, triethanol am ne, et hyI enedi am ne or
tris-(hydroxynethyl)-am nonmet hane. Wth respect to co n 15 1 Cctober
2003 VIO 00/ H98WPBET] 13500113202 of the i nvention tha%ﬁ&@‘%ﬁ%gz i ¢ ani nes,
the preferred exarrpl es of pharnaceutically acceptable salts are acid

addi te'xggpfg' ts g? SR PFER R o Bubales AL SRR R0 bL&ol.npL AN ageﬁ% gcage%%s&u aci ds,
aromatic calle‘b‘-bxly#ui"e:Rmsta@alof Binees. a@%ng %?1 %'kl'&f?b rr épe&@eqbft@ and siiesireited
lactic, malicgditidn@tubiadihgS but Glot Krhited tcASEIGLBIefthal ISyl Mok ColydyBic havag syyhdromi C,

p-t ol uensuléeg c or 5 naphthal enesul fonic acid. Preferred pharnaceuti cal
conposi tion *the present invention include har maceutical | y acceptabl e
salts anél pro- drggsedderepshegtmt HEsRASBISUAY "B BdPTRaraions )elatd $R§O™ 3 nd
(I'1'B). The kRwAss afldst rkjectich, XendSgsaftidgécant ang kdtyergfiurejectioneahd n reafalred erdoliimerdd” as

used hereingefier, 9rgfaaohmnnmnqnog;raﬁ;en%nventl on being free of other,
di ssimlar compounds w th whi 10 mvgntlon IS

normal |y associ ddedineipihe t‘?’i‘éﬁ ﬂﬂ"gﬂlat@t %{t °‘H’?8°"t ﬁeﬁ? mttheeca%f)‘ B FRPEd f’ he
i nvention camaé of’eameai to alte @8 pre@nds % prddigtiod 8f)a MdddktedoomROH4, esawdllyﬂ‘)’glf o, or

pref eralphy ity n? %Endgglﬁ’l 0ri’\/l<:‘Zt5p/9f<9;l:a1yt hlﬁodmt%xs7orb%omt191htreferqra theacaﬂicMﬁ&‘ asanpl €.
In one preferred embodi ment, the erns re

mventi on GBS A RSB B EHE SRl By LB RSO g ven
sanple. The terms us‘.@n\t:mm,(jmg'gp TTL1, AR TELInDFL4 apdhtlL3 refer to the specific chemxcal

“tunor-gr OVVEJ?iaéer%tme‘a inMhon aedaefﬁguﬁmligﬁrymg the 15 term "conpound,” and the
taﬁ:‘j;’ncs)r It Rgl ?L;E'm lother g’lemlcs me%:c%?%)h%rm?-:ﬁ%gucal og f QeqFJlum al Iegr{l:sq?egélgrggg%g%gnd i s
corr el atléd m'{ﬂhef%i@dla@h%’tmflﬁ@““%‘*rsﬁw ‘?Yg’e’é“fnsf’fkféd“faatsﬁ"ﬁ‘fthed?ovw h of the tumor or

cancer ous Nageleukivbir (B.-0r efera_bl y, the terns "anti- cancer," "anti-tunor,
"tunor - growt h-i nfji J%ME%L-D is an&u,fg{oy fgcgm- "whith amcrp%féyﬁlm .@@E%fms@mam
correlation between fesence subj ect | east the

a
t emporary cE¥eEe ?‘Hd“fBmetWC"GFWW "(5"?e ﬁ‘fed'ﬂ‘ﬁfiﬁmﬂ’i’ pﬁcéaqﬁ g'ﬁ‘if'é’}“gﬁ & tSr?ass. The
terns "anti hmm(bery, See,'cqn Dinaelon®A,. FASEBY S 1081 8881 HL1 rfhst Bibepyerpg as'produced by

"1 nhi bi tdong ocrivAldn lroﬂg 1§1chet@| @Qar’fc@i &ns ?09 exaRgiE, tﬂbﬁ)Ullas?sr ice)’atlhdlytw"? RS
preferred enpodi rrent rel.ati en t resence

a fi Hal ndlh rlbc: nr [:H ed,1 ggr\)fe vanous fungion inc, m stlrrl;] ? t1ﬁ
of the subj &% %ar?tﬁ?ﬁff‘fd’ Ih 5Ita 8a5t" T 5 2 SUUCTToR Sim T he mass
of the tunothe pfifsmtion of CRET esfispsee Webﬁﬁeé’t’mlefﬁ’dﬂﬂraﬁ éh§9ﬁ¥hlsi“g‘ﬁ%1ﬁ$:ihé§e“r n
ani nal s, Smmﬁlgfsff&a&fwmicrrc BAETRRAS, its 3Ging WS IT cSipREHib, TER, k3 MdTokkeyyBNE, ot 25 The

term”s kl nt Ie(}ngzols Chem. QESS 3(%5'(¥99§)}( nQucrngqlgﬁﬁoﬁﬂcn&]St}? %8’!095' rLaYeBx%s EMC%%I& Hﬂﬁ!‘- n

redness havit Mg a  neuro i'mted by,

i ts meamdSng inflampory m@ms fousrasm'e @M@Whpase Ay (PLA;) and collagenase, see DeJana,
E., et al.,, Bolid, 69, 695-699 (1987)); inducing the production of acute-phase proteins in liver, see

Andus, T., et al,, Ewr. J fmmunol., 123, 2928 {1988)); raising blood pressure in the vascular system,
see Okusawa, S., et al., J Clin. Invest, 81, 1162 (1988)); and inducing the production of other
cytokines, for example, 1L-6 and TNF-a, see Dinarello, C.A, et al.,, J. Immunol., 139, 1902(1987). 1L-

30 1 modulation is also known to effect theumatoid arthritis, see Nouri, A. M., et al,, Clin. Exp. Immunol,
58, 402(1984); transplant rejection, see Mauri and Teppo, Transplantation, 43, 143 (1988); and
septicemia, see Cannon, J. G., et al., Lymphokine Res., 7, 457 (1988), and IL-1 may induce fever and
pain when administered in large doses. See Smith, I, et al,, Am. Soc. Clin. Oneol., 9, 710 (1990)).
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|ncorporated by reference herein in its entirety. The term"|€5‘3§;Al,mr2003

i nfection" nmeans any infection of a viral origin including rhanV|rus and
preferably, but not exclusively, refers to hunman |nnunodef|0|ency Vi rus
(HV), human__ 30 cytonegaIOV|rus hepatitis A hepatitis B, and hepatitis C
viruses. TheW¥PH*3car di ovascul ar di sease” refers to tﬁ%”W%??ﬂ%s di seases
of the heart and vascul ar systens including but not limted to congestive

heart failure, req:!!:c?ir(l:'enc C%ﬂ!aoarr]thrms i fggifngtisoi)smid erlqtelé c&{ﬂlit@%gg@.\lﬂ%ﬁ I@?‘%ES known

peri pheral circulatory
such di seasesby Wcraqqqdnballéi“bltsnsébﬂfbrné'a% Foyitsj rwemh’ﬁbaw@,loyaadatm@tocwetgullhlcal | y
in hUWB-nS" récBptdk nmiit&b@lrlmaee\mllﬁéWo?(SZﬁ?andDﬁE]nbbsm 1320208 TusQd2N@rel n,
the o | BBl B8 cclRlhhis b8 hilinl AL LOME, H1 5993650051 AL e, LanEh YAl o

insulin tanc

Di abet es,5 Type PEpesdh s Ciyine, Bngt Sy o6 Melimpwd. Tadon i 13 6??0) Imamﬁﬂlng but
not |imted gradifeitial of- hyetoeyts hak pSyentdsruffdmg @rbim quaiyaﬁ@/s»hablcus@mécyby&mﬂém

( PCCB) S A%e#%ﬁg oihl%r6e}\a9 ’beet-l Qﬁnpre?sgcpb Erﬁﬁt{}ﬁag 'aﬁﬂBdan %ﬁﬁft fLoé-' lrLefif fe‘r!eﬁtont Qeet he -

condi tions rel ated sy ]% rej ec i on, xenograft
rejection, anekadt oﬁ‘f’aft]mf”léf]"e@tg’l '359(]93?'?8 TPF ‘fﬁ“"%‘F &psige émﬁlaﬁ”é’m"é fo 8\‘3 t he

i nvention, rigfkgbs viadNRumEd 11k Uneduladén intyced by the @jneaibdsonthe Agentigeidcitie b@iaa, t he

terms " u'n%{rfggessal%f/I1ml|igaQHJ‘Ieacﬂéeégpconélﬁ;@ﬂeregn%esrchﬁdCapaCi ty of a conpound or
course of treatment to alter the presence or production of a nodul ated

conpound, e%@éﬁ%@%‘%—w 10 IL-1, in an individual. Mst preferably,
"nmodul at or" or " Aoadl TIFORa fﬁ@fmmedmmneseeapggﬁivwsm‘ Iebhr, 0 TPBIALh tOiorCOUN S€

of Lreatmentyl gl c%v%dw@nr@nrﬁﬁmﬁ%édoghaf%q ggau by LR, TR £l popPOUNd.

As used herein ternms er to the
specific cheﬁ??*b%ﬂeﬂ“wéﬁt°i‘efti*9é§l°v%?ft‘?°r?\§o°m’ﬁ a“‘é\H’BﬁB“‘Eﬁ Hebe Fmgy PR loousi™Gir e 17.
Al'l ot het5 chwewnpidshgd. SEdemih, D.eawinat El; digificcal ), S.eral Huner wicsds iaehpecaadr t er ns

Ufsed Qerel n sﬁ'ﬁkc%.llr% qxprétéonbﬁd m&#&& tt@%p@o‘f‘o*{hr%fu\tp?aﬂlﬁ% yf,td@;r siva dAIbblffl g)ersons
of ordinary ski in in nt er is a
regul atory f%‘é“%ﬂ Wi '@ H"ebiﬂt]? f”& rﬁmga° HEPERGE PN %afﬁ'rr@\"la%\&“m‘?rmmne
and i nf | amme¥eomosis Rt aNegmasl 98 d7H18RR#06d SMNFres is\eetrimedch HhEBnpolyremide maibly y

mechani sims |ﬂﬂodt1&@by rh'aléfgﬁﬂgéaoﬁﬁs e§ﬁ@ns uﬁhaﬁy exprgséaag £lsliba n%s@iembrfrta‘ﬁg%n‘}mm 2, 108
(1988) macr og wges is

Coor ol eatty il B rpaiy Eﬁﬂve?%ﬁ{%faée%‘?W%%?‘aﬁhg°‘*=Vat B Gy E e

cells, B ceals IT&CEaftis stk rchifjtddls immertsh endhudtifagstedaridogivalsimpléivativny e’pﬁh“toe@dt o have
vari ous f'un%li.lrg:@ the h@gbmi‘lt%&her%ﬂltﬁ‘dﬁp%ﬂéh@gargcting its overproduction.
Tumor necrosis factor-a (TNF-a), is typically produced by various cells, for example,
activated macrophages and fibroblasts. TNF-o has been reported to induce IL-1 production, see
25  Dinarello, D.A.,, FASEB J, 2, 108 (1988), kill the fibrosarcoma L.929 cells, see Espevik and Nissen-
Meyer, J Immumol. Methods, 95, 99 (1986); to stimulate the proliferation of fibroblasts, see Sugarman,
B. 1, et al,, Science, 230, 943(1985); to induce the production of PGE; and arachidonic acid, both of
which may be involved in inflammatory responses, see Suttys, et al., Eur. J. Biochem., 195, 465 (1991);
and to induce the production of IL-6 or other growth factors, see Van Hinsbergh, et al., Blood, 72, 1467
30 (1988)). TNF-o has also been also reported to participate, either directly or indirectly, in various
diseases such as infectious diseases carried by trypanosoma strains of the genus Plasmodium,, see
Cerami, A., et al., fmmunol. Today, 9, 28 (1988)), autoimmune diseases such as systemic lupus
erythematosus (SLE) and arthritis, see Fiers, W., FEBS, 283, 199 (1991); Acquired Immune Deficiency
Syndrome (AIDS), see Mintz, M., et al., Am. J. Dis. Child,, 143, 771 (1989); septicemia, see Tracey, K.
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the proliferation of CD4+T cells, see Mzel, S.B., Immunol. Ry, 0350321
(1982); stimulating the cell- k||||ng effect of thymc Tc ceII 1t11rough|t
binding to a T cell receptor, TCR, see McConkey, D. J., et al., J. Biol.
Chem, 265, 90) i nduci ng the production of var rials
participati ng’plo%%lge 25 inflammat ory nechani snms, for ekgﬁ%ﬁ gﬁ&%
phosphol i pase A2 (PLA2) and col | agenase, see Dej ana, E., et al., BoI id,
69, 695-699 ,(1987 d th [ f hase s in
J. %]t g b):rli_ (I)pr! ?’JCHJLPQ 34 beﬁ‘g aﬁ& cgﬂm(?ype jge cl1§52s§c P@%\g@,eﬂ r&

liver, see rai sing
bl ood pr ess@@’“f"ﬁ i Gacey Hegpr Qf“f"'é‘}%‘t"éﬁ*]) Preéséé‘?*;@(usawa S., et al., J. din.
| nvest., 81, TnNEFXH:Ad ;1}398 ry R@psel Nduci ng t he production of ot her cyt oki nes,

for exanple, IL- n N , 139,
1902(1987). IL 3 n“ei 100 awdj\j{:s&% in |§r qlgllj:t):lg g%sgak ¢ Op leC}'lemlda# v:?ﬁauqffls ‘rhaigl tn& er the o&set of

arthritis gné@emifegc,uo%_of Ve ,Iml'@.tlle a\,[st_ex}u, n@'lqcﬁ\{elyE;(fﬁyed|twmn_m,atory5-@,pon,4@2’(1‘£E98 4) :
transpl ant reejl@hiodmhis @gensb/basedamdeatteipper, ohr iamb pls@iilitat oD Enharkby visdidar( 1988) ;
and septi C%@En@dbnﬁ)gﬁa GaRarn of e vaBular éﬁ@lot]@imm w&‘rﬁélmngklvﬂg ng cells thref ’eﬁélztly( 1988)

and IL-1 ma u ever an %al n when adm ni stere oses

Snmith, J., é;frcuéﬂte and A[tﬁratega 813 e snted:p&r(si?y lncregmng?tﬁ_etl)r c(wrgqg@lamd to infi dFstrac;frb/ber
2003 WO 0O( 1/a?f&25:3 PET 9SO ABRRORMT hethaglg Uup rtence ofivagept iidbmedy, Garetaliy, ti s,

i nf 1 ammagg Onﬁﬂam%%n .eka-reeslne@qmﬁtuﬁe' BSnsd B eamnaplor md&hgd sl e deky gased by
i nhibiting: L?l:)L ‘g % do SuhEC torgnﬁ?/ 1Sp:lto 1:nat ur al I OGCCUrring
IL-1 receptdV fsr{ﬂ" BB AL PPE S ’I‘-’ié% 'S Wlanpyaty Froisgent & uneepEP v ¥ on, R
C., | munol (“—Wasﬂammzﬂfmnl@ﬂ hov(el@gifff'me’mﬁeffee'emﬂm badyrred heﬁsinﬂlemath%mem ¢fi ng t he
act i V! ty of skideral mﬁiﬁn@dﬁéks@s}/iuﬂgasmﬁtfc KoM, Seunaiftd Miseﬁﬂah&‘d@ryf_bmb@&&aﬂﬁ &Ha0S ed
see G ovi ne’congestwé Pe%ft f?‘lnx% Igéle fumg' Nﬁ\é\! 08is l“ac o s ?he mJ %dlesy an{i 1‘11]éir e13 F&%} ro? )n

case of IL-6 | eration o é suff’
nyel oma Whi c,"l’ie‘:‘l"‘é:‘e c%ﬁ%‘é‘ﬁf Fd» Raygn 55‘(’?56%§1 19 pag@dﬁgﬁh on of | L-6 has been
suppressed by enphcoyfohiipzantn diediveimmagatpsie typiealy ehuikd thdretréit@ptcdh yarBge

Suzuki, H . s of B and‘Jthe eragn of aQnges Qp@ﬁ&g;]cgl%@n)s TTEl gomgle? %ﬁﬁ:@llu@a‘? E'cﬁi:l-dwa%

treat abl e acc‘gr di n cp g i nventi g | % [1 -1 nodul at1 on
i nduced by t¥e "5 °<5‘uhaf§ 89 PR PRE de? Pn’n*e“?t ‘P‘M@"'B‘lff ‘”é'nglé‘ ProfRins bt are
necessarily diasiivelydalied cxtokinesd i Rresa swotemobict to swerifc lhepteis an the sadlrsinffreeland Trigeer

necr osi saf a('s‘ig(ﬂil'nﬁnséﬁl;% pa&wagﬂymmm}ﬂh{ay AeVRfe Exbkesdion PWleitdrdebild, Rerdt8QuiaRR e
Aggar wal , Ba“eﬂ. ent n@lmm\{v reé uman tunor necrosis factor. Production,

purification an Har act on J. Biol. Chem 1985, 260, 2345-2354.
Soon after, the ﬁﬂple@amr C%Ibém"P@“eéPfR‘WDWNF(B@MAP@m& et dtfiiezmeffgﬂsmm t he
human TNF | Qb ffeSenyVedtie), lﬁlmﬁl@r@ﬁﬁ@ﬂoltﬁhﬁde oyt P @BdHE Similld. fundi@F)Mshhergfon &he;

Hayf lick, J. ﬁb He%teffgét 0;‘: m@r@m&@ﬁsr ha? th natﬁ%\g{di‘twepgf%gé& §a(c)lg Tﬂ%td%i%&;ﬁgand
expr essi on an ool 0g y A (?IEO_?I(III L]] V\ang

A M; & ed8ipgonam (he Sk Caefrf@? chiqgne giosigh 1l LT BHR g tBF i gome of the

COITp| errent aroytolohéd d’r@prohﬁﬂ’:{mmatﬂ'rurfmnuce inflammation), while some others are anti-inflammatory

(inhibit inflammation). The class of pro-inflammatory cytokines inciudes: interleukin-1 (IL-1),

interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a). See "Tumor Necrosis Factors. The

molecules and their emerging role in medicine" B. Beutler, Ed., Raven Press, N.Y, 1992, pages 1-590.

30  These cytokines are secreted by macrophages shortly after the initiation of the inflammatory response

and induce coagulation, increase the vascular permeability and activate the expression of adhesion

molecules on vascular endothelial cells (for example, TNF-o stimulates expression of E-selection, that

binds to and recruits neutrophils to the site of damage). Subsequently, and during a2 more systemic

immune response, these cytokines act on several organs of the body, including bone marrow and Tiver

-19-



Necrosis Factor”. Nature 1985, 313, 803-806. TNF-a is a tring ?@a
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col l'ecti vel P thedfndipd Biges alﬂ’ge %hg 'ﬁt'o'gafﬁ tggb t?@";"é’g S%%T%mggo?%ﬁ%n of this

response i s71098 daiths.gfhe prmpal pos fpr tisating th’séﬁeafed%f’ﬁles“{ﬁété%%q |5 % or enhanci ng
vascul ar  per m@@edniato Aetiachisishd 106t @imbi Bumaa sicaihane disebot, BEEcingrpoutvhi ch
Q C

al | ows whit el ehd LGl SR/ bG8 msi.megeraroa ieustdhe
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I el S E nes | rheu gong%rﬁx jtis, Oy any
anti gens. TH@ﬂw&sévk"’aPCZé”rd@fhéi dﬂ‘f"fé tioliie FH%'“ E)(Q PiYated o
i nfl amed. Cepsttialtdryess f(phinnficolagivabsppiatiang . Glinisel| Pharmmed!. |19?ﬁ1ﬂﬁe37ﬁé%%cﬁﬁ§‘é“'t o a

variety of %J‘I(?_‘XFECE e’H‘ne%ﬁt P}Ulé of aﬁtpgmé’lsneé'%h'adot‘ ro@¥Biiihd Geatnithi & rikBsedd and
short duratién (acute i

persi stent, or .un gg} %8' Lied
» by infl celllar

activity (EHFEh 9"’1%1‘?%%?‘1%?%8 E%%coné@?/\e'\s/éhraraag rPnental ects to the
body andsr estalifestidnnoft thee sypaivno gédisk séssltsgh the invasion of the adjacent cartilage matrix, its
subsequent erosion and ultimately bone destruction, Although the origins of this inflammatory

response are poorly understood, an increased expression of TNF-a and IL-1 have been found around
the area of cartilage erosion. More recently, the pathogenic role of TNF-o in this disorder has been
extensively studied and experimentally verified. Furthermore, clinical data suggest that neutralization
30 of TNF-o. may be a therapeutic approach to reduce the erosive process. To date, however, current

therapy, while providing temporary relief does not alter the fundamental mechanisms of progress or

process of the disease.
Inflammatory bowel diseases and related conditions. This class of diseases which include

Crohn's disease and ulcerative colitis are debilitating disorders, characterized by chronic inflammation
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several imune diseases, such as: septic shock, rheunmatoid arlt@c{xqﬁeﬁ@m
i nfl ammat ory bowel diseases and congestive heart failure. See

Necr osi s Factors The nol ecul es and their emerging role in 15 nedicine" B.
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1992, pages ;I,et,% ?Tepﬁe,gra;ll,'msg,es@éarajqnmeﬁueaﬂ!ﬁms@gf iedaE0 pyduTher eiptagedeasshor t | y
after the ifitiatjon of the inflammt ory response and induce coagul ation,
i ncrease t h@ IHEER)| ar perneability and activate the expr: e55| on of adhesion
mol ecul @s on vagiVketicetund Beiedtipmdt HAW sl 2ativetedohy tedadvpble ramyaptiog fastor BBt es
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hypot halzﬁrrug" aﬂ% gﬁﬁﬁc%sﬁlgéér)%mﬁ%m# ﬂm%q Aeggmftrc\halggﬁ efntrs\e growt h of
pat hogens afﬂUFbln%ezn@:é@c?'I"I‘”é‘“@\%éﬂ'élb'i"d‘i“mmne reaction. TNF-a and the
Pat hogenesi s of Madr TNESeditaieasaieanTthe€d ieter-orrsasBe Jes ofigprditioasriy weetaye
cytoki ne, TNFS a v:dcrﬂgtlﬁa stQ\FBPJe@“ BAleMpRENEdabibtloR bf @kaéé'omb@t-ceﬂ Jegdestructi ve
to the host.” FatH ance of 1ts production and reghl aldORid.s, M ntai ned

to ensure t H&‘)(G tPRgSS %g—@%car}n some cases, such as transplanta
25  ischemiafreperfusion injury the potential mechanism of pathogenesis implicates the pro-inflammatory

activity of TNF-c to a variety of tissue cells. Others, such as the suppression of insulin responsiveness
in non-insulin-dependent diabetes, relate to more selective actions of TNF-a that appear to fall outside
the standard pro-inflammatory model. TNF-o has been detected locally in patients afflicted with otitis
media (inner ear infection, with or without effusion), see for example, Willett, D.N., Rezaee, R.P.,
30  Billy, .M., Tighe, M.A,, and DeMaria, T.F., Ann. Rhinol Laryngol, 107 (1998); Maxwell, K., L.eonard,
G., and Kreutzer, D.L., Arch Otolarygol Head Neck Surg, vol. 123, p. 984 (Sept. 1997), -and with
sinusitis, see for example Nonoyana, T, Harada, T., Shinogi, J., Yoshimura, E., Sakakura, Y, Auris
Nasus Larynx, 27(1), 51-58 (Jan 2000); Buehring 1., Friedrich B., Schaff, J., Schmidt H., Ahrens P,

' Zielen S., CLin Exp Immul, 109(3), 468-472, Sept 1997).
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maj or role in the pathogenesis of several diseases, sone of which are
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the events thabashlel Q88 EnLIRRIHogIOREImnahEredpsrid @M linitrayr clinical use. Recombinant

engineering techniques are being pursued to create "humamzed versions of the rodent antibodies that

DO

will maintain activity against 'INF-a and will be accepted more easily by the human immune system.

Use of soluble TNF-a. recegtors. The use of soluble receptors against TNF-o is a new

therapeutic approach. Although these receptors are created to bind and neutralize TNF-q, they also

30  enhance its activity by prolonging its lifespan in blood circulation. Furthermore, the long term
immunological response to this type of treatment is beng evaluated.

Gene therapy. The goal of this approach is to decrease inflammation not by decreasing the

expression of TNF-o but by increasing the local production of anti-inflammatory cytokines. The

treatment consists of direct injection of cDNA expression vectors encoding for anii-inflammatory
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and/or novel compounds and classes of compounds that selectively influence the production of TNF-o.
30  and/or IL-1, Small molecules that selectively inhibit these cytokines are therefore particularly
medicinally and biologically important in, for example, maintaining an active immune system and in

treating inflammation based diseases.
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t echni ques a“ircgnmffg?nﬁx %rﬁarng'ﬁé\l af'orygcﬁiezlgt éeﬁ%hﬂl ﬁ‘gﬁ%z%gp%\? rmsd ?%ﬁg%%ﬁ Eg thre odent
anti bodi es tfpvingetrd: pmaj ntain activity against TNF-a and will be accepted
nore easily by t agprbditidly dnerkildpem si/dsikdiadt bk ef Akoraaimitdke isldwkingd, iepepidr s. The

use of sol UbJogerJdQﬂﬁmtetQ/Eéz 1@9@!31!}%&1 J‘Nfrilﬁy iL? offs {iftdie solvent, most preferably methanol.

25  This mixture is maintained at a temperature ranging from 20° to 60°, and may be maintained at room

temperature, for at least 10 hours, and preferably for 12 hours. The mixture is then filtered to remove

and retain the filtrate. This procedure is repeated, preferably at least two additional times, and the
combined filtrates are concentrated under a reduced pressure to obtain an extract.

Approximately 100 grams of the extract is partitioned with 200 mL to 400 mi., preferably 300

- 30  mL, of an agueous solution, preferably water and 200 mL to 400 mL, preferably 300 mL, of an organic

solution, preferably diethy! ether. The organic fraction is separated therefrom and then concentrated

under a reduced pressure to obtain a further extract. Said further extract is purified, preferably by

column chromatography and even more preferably by use of a silica gel column, using a mixture of
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t her apeuti c approach. Although these receptors are created tqtpét('ib%rm
neutralize TNF-a, they also 30 enhance its activity by prolonging i
lifespan in blood circulation. Furthernmore, the long term i mrunol ogi cal
response to this type of treatnent is beng eval uat ed. apy.. The
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resi stance El%bgﬁhﬁ*op at(altu|§E )at’ th§ %ﬁer\ﬁ pd%ﬁtﬁhs of aganmgtc am%ﬂ? ‘be fg}ﬁgd by !}Qplﬁgnen807

(1997), and ticrpate in chroni¢c and congesti ve heart Tailure, and
rel ated car BRGORIRGIEE alkﬂlhélé’&‘s@c"”%eéé“"l‘*@? Rl ENTUES 139 TR PR InS BIPRR B as cul ar
Res., 37, bSbdpldyddB8npoudge Gedohed redctianl .  Ackrding. to t@ser wictinaad wihar wikkgown 41, 25

( 1998) andsﬁ@netﬁ'r@a@tﬁﬁs @“er %GIIC{IMT o@fhe imdide€ G‘fttheycoﬁf&ghcﬁu)ﬁhy bIJé.‘I%JIt ivedtieg ven, see
D. K. Biswas Retrovirol . , 18,

426-34 (iggé‘fd%s“rnp‘\?“ffg’ Séﬁ‘r“‘i‘cl’e‘é{ﬁ%%Vj%’e'%@ﬁﬁ*ﬂ‘bﬁl‘e%g‘ °”£f’se° <% Virol ., 145
199- 207 (1994) (FoHney)thetiy apprapheefor the prepgration of theqemprupds of e nyeniiere iDlfing: .
Syndr., 6, B&Rouhds é18R3) Fémare)), (14, () @A andedIBRdre desc-:Fibail'lﬁfblnarlﬂ'lﬁtsyrﬁﬁsls 58 (6),

675- 80 (1994 human cvt o Vi $( § i OR et

ol cni . e R g GEESRAY phae o oS el O ey iR dr

Fur t her mor e radig#efivelo lebelad sreashory gid &“‘héf‘%/é“aﬁ’ﬁ% FEEh °F H’B\R’ﬁ < &puneattsnett e

treat nersy Otonglsinds sfagfes Soroblaa (N @Ay, Qe AiA), 20d ()N ThGSe ef &Kilrioplean Whkient

EPO- 774250- @;ipre(::tatg tl-rapthesé'gp(]\an%‘hgs & do %lly @%}phla’ole %pth;r Hﬁsaﬁncmqﬂ" kfkAfe REER its
identified as expressed at hei ghtened l'evel s in humans di agnosed as obese
or exhibiti ﬁ’@j‘"ﬁ%sul in resi stance, and is thus, a nodulator of diabetes. See
Hot ami sl i gi [The @&mpouf 2 ptura RAnaldBpei gel man, B. (1995),

“I'ncreased adi pOFE rdot &%U&A%%;%ﬁélka»@an@;, Nfaumrranate&y 0BkS Al Al eaous(yTrl\lF a) in

E;rsmg| 222 SI ¢ ejt?ln lgncf [Bﬁclﬂepln)hc gﬁ{orea, Cbeen usedqadrp onally as a?omc and5 se(?atwe as'w 915 TNF-a

rernedy for the treatment of rheumatism and diabetes. During their investigation of this folk medicine,

Chung and coworkers identified from its pharmacologically active extracts two novel tricyclic

diterpenes: acanthoic acid (Compound 1} and its methyl ester (Compound 2), as depicted in Figure 1.

See Kim, Y. H.; Chung, B. S.; Sankawa, U. "Pimaradiene diterpenes from Acanthopax Koreanum®. J.

30 Nat Prod 1988, 51, 1080-1083. Acanthoic acid is a pimarane (3). However, in sharp contrast to the

other members of the pimaranes family, 1 is distinguished by an unusual stereochemical relationship
between the C8 and C10 centers that provides a unique mode of connectivity of the BC ring system.

Prior 1o this invention, no complete chemical synthesis existed for production of the chemical

having the structure of Formula (I) or its analogs. Importantly, the chemical structure of Formuia (1), 1,
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identified as an inportant nodul ator of transplant rejection. Q@(gawa
D., MIlis, J., Athoff, K, 25 Derus, L., Chia, D., Sugic 1&%@0(%
Denpsey, R, Iwaki, Y., Levy, P., Terasaki, P., Busuttil , R. (1990) " The
rol e of tunor necrosi s factor in allograft rejection” T tation, vol.
50, No. 2, 2P 033%  These observations hi ghlight the 7%@?@3@& and
desirabili ty of identi fyi ng novel st rategi es and/or novel conpounds and

classes of GOIROHNERADAl RELA BhKAS Yo LALIAGAGS, LA ARGHYELE &Q,LVJNF-a 30

and/or IL- 1 ectlve ese c I'nes are
therefore patr"i‘?sc mthrﬁcyvateﬁewﬂewﬁeé I f?""@ﬁi{ﬁs’ 'B?“EPP%;"@?SC ﬁl"elak‘?d Hof et it ¥ or
exanpl e, rrai(dppraiammgo ar @gbiiveely NmRegey st @mianrdrs) Ids torag@apiraxgnakenf bP&mat i on
based diseasgg ry 20 0 f red
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met hods of pmking, mg%@mae@ldggﬁos% (kDR spa&q;mgmﬁstm\@aﬁs@ss}he

chenmi cal structureco ormu f exanpl e, the
conpounds oFe"Ff’éqdﬁii‘F Hggtngent) with pgmpopng) 1 ee’I’F?e"@‘ 5(:‘ Fﬂb‘@brﬁ tiqgfof fipratiqgranslomits e ent i on,
and speci fi eﬂda}ky[bke teb@erg e usirdsc liewicelly tThee dhaemicoshlts @b rbe etihved,of 1eksor mnul a

(1) (L) il bl Rl F2% RERERARRELRRLNGE S PUAGTIGH )Y mfared by 1
sem -synth e |ca %é prepared synthetically, commonly avail.able starting

material s m&ympRan é‘&° SFWélvﬁréth “”Bﬂ‘ty 'P\d)‘i‘celﬁ"%"'f Yol °”"B’| aé’?‘ﬂ'sfet’“gcbﬁﬁ%unds
havi ng r eactconeentrrivh (Ide-30fongto] esf bodheight - feebat-H A, Ben. iYi-Hgéek, Copeunds of the
10 present. dhaVﬁrﬁyhm-ﬁatez%r %ym&esbszeﬁb apoor diig, 1.6 VRhd, UK ; LkNd.1G! osure

reacti ons. Suc not limted to the Diels-Al der
reaction, and™% ﬁﬁ[ﬁ@bﬁ@ﬁ"ﬁm@gﬁﬁ@ﬁsﬁ% r%?"{zgglctl on. The Diels-Alder
react i oniSpr ef er aBleycheniead btouetgretdfi Formalachi i hef petentlintirilammeborirend agfifiysttiv t ut ed

al kenyl i @kets an§ ehafed ﬁaasxp;ex;%n oo fahd Q.- 10T AdubiRicRRI i€ 8 GRdTROLIEEibS

formed. The D|tec Er!at en %én%‘r)ig%act hsoo the{m tlolge preferably followed by
the reducti &GPt e‘?eé“i?ﬂ“ﬁg cycel ck@f’one €ty." Conpounds of the 15
present i nvd&stdsimthetiginalys ‘ sl ang @l owi ng such synthetic

met hods and ot hethew&h]boukdaemrmﬁaént)hm bnd (m&)t h@(ﬂﬁferahy tﬂd&&nﬂ)funcpd’f(]?&ﬁﬂ!dms such
a chromafogr.a acPhaéq QundsHE’pr%mﬁa% q&;& Aep,léﬂfem-rﬁzo P59, %@Hﬁdm&m h@%ag
e conmpoun aV|ng t he

Al ternatively, cord ent_ 1 nventi on,
cheni cal st rsﬂélteﬂ?eé accﬁﬂd‘“Fﬁ’rWFPé%} °( thy inxeptjony | Tay bond discqnpertions pf taseompeynds ofnal ogs
and deri vat ir¢@silat tipsrehbwn inBigurb2 B hovalctretrabmdngeROit ofsie| Bl rings anathe breast in the

formof a cryge 6xltaehs GRBRGAELAG: AR fd A& & ndvERML I Shat 90 fpasi K Of

of the invention. This motif is fixed, in one step, into the desired stereochemistry by employing a

25  Diels-Alder methodology. A diene, for example, 14, and a dienophile, such as 15 (Y: oxazolidinone-
based auxiliary), were identified as the appropriate starting materials for an endo selective Diels-Alder
reaction. To further ensure the desired regiochemical outcome of this cycloaddition, diene 14 was
functionalized transiently with a heteroatom (for example, X= OTBS or SPh), which will be
subsequently removed from the product 13. The generally observed endo preference of this reaction

30  was used to predict the stereochemical relationship between the C12 and C13 centers as shown in
product 13, while the diastereofacial seletivity of the process will be controlled either by a chiral
auxiliary at the carbonyl center of the dienophile or by using a chiral catalyst. See Xiang, A. X.;
Watson, D. A.; Ling. T, Theodorakis, E. A, "Total Synthesis of Clerocidin via a Novel,
Enantioselective Homoallenylboration Methodology”. J. Org. Chem. 1998, 63, 6774-6775,



Acant hopanax koreanum Nakai. Such an extract may preferably q%&{)&ggg@d
according to the follow ng nethod: Approximately one kil ogramof dried

root bark of A koreanum Nakai is obtained, chipped, and covered with
between 1L to 3L, and preferably 2L, of a suitabl e sol vent, most preferably
met hanol .  28OPAi%ni xture i s naintained at a tenper atXM@SPAMSE ng from 200
to 60, and nay be mai nt ai ned at roomterrperature for at least 10 hours,

and preferably for r ture i s h |tere and
eran e fi 1t e 17y B ot iy o) B hiurdh Shrs TG, i
addi ti onal teveling, kemmdll G dyéts Sxottsi prRaehite | This ket veps @rpescoanthe h‘t"é’d Wirlerdr a
reduced prepswhe kteteneqbi) Abkith @Nu ke radlly avARRE BXdoR@hsalion ofAGhOViRT Rt (1Bhe

extract is r 0 m., preferably 300 30 niL, of an
aqueous sol ﬁt‘u%'h‘“"yg?g ycm%’f“e%m“et(ﬁ?“‘tl >y nL to 400 nL, preferably 300 ni,
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acid. Ether R1 rom elt primry
al kyl halsi des @)IP),&P‘@BH%)F’E reactiop. 8t 8iigod dlivshes kW"Iel G Anedi erpurd ¥nelsi s, or
via the red Hﬁildb&rfro&fcorapqﬂﬁds mEuny 1%9ds @ cihgdd enmbibredr Yy a Mickayll additica/Ricg meph anngaiidn

al cohol i ¢ Rig Agsa &Iﬁam&fa@ Bfied SHBYycRordcBdnBR the Vo tadd € dbbiory1
hydr ogenat i on o?ﬁlshg lt%ﬁcl ke (- prafele veqﬁoéjcec?tﬂ%ggy |0I i c addi tllgyn of ,

pref er abl y, 21988 ofgy> fafipveg yBl’“Hé:il"’esalﬁyF E‘B‘I e'éf’l"?(% WP anofeele £9'F [1¥i"dn
anal ogs -at tkétesetat ¥er Tihsfrosdtion o3 03 yeahiskbpereadivd may be fornmed by

di spl aceﬁgntsm?lgse@g%gm ¢ YRdnV . @gupalewdereaakdummopr pvi ded suigvabl ﬁ r gac_ti vg
groups and re rot ect rou are f 0 encour gge [the desire
reaction. Aé‘%r :ﬁa&?oaa: rmgtlgI o% gdoga chd comr?aun %mtxgg - KNOWRe nt hetic
reactions, tCaempry Hddck ?Qéﬁziaﬁs dt‘*ﬂ@‘“’f‘%uf’ﬁ“"?%rf&é“%‘fn e conp ' It he present
i nvention, gktéfefﬂnctlaaﬁhtww 302 Sl viep thy Osilylatfon tdfl Creamtip OUN A ded| herein, is
\M t hl il t he S}(?hol CIJ a%%gedggpr&%lﬁon%qf {hﬁ keltal Enliltlﬂtex aﬁ*cﬂh hEt Ic % oac hles f or t he

preparation o I nvention, 1 ncl|H4b
25  ketone 40 Conversron of 40 to the desired diene 42 was

podocapric acid {20)

accomplished by a two step sequence involving transformation of 40
to its corresponding enol triflate derivative, followed by palladium
catalyzed coupling with vinyl stannane 41. See Farine, V.; Hauck, 8. 1; Firestone, R. A, "Synthesis of
cephems bearing olefinic sulfoxide side chains as po.tentia! b-lactamase iohibitors" Biocorg. &
30  Medicinal Chem. Lett. 1996, 6, 1613-1618.

The steps that were used in the completion of the synthesis of acanthoic acid (1), and are used -
in the completion of the syntheses of compounds of Formulae (1), (If) and (IIB) are depicted in Figure
S, as Scheme 2. A Diels-Alder cycloaddition between dienc 42 and dienophile 43, followed by

reductive desulfurization with Raney Ni produces the tricyclic system 44 with the desired
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conmpounds of general Formulae (1), (1A), (11), (I1A), and (I B)ddE2003
descri bed herein. This synthesis includes one or nore retrosynthetic

anal yses of acanthoic acid and its anal ogs, syntheses of radioactively

| abel ed acanthoic acid and its anal ogs, syntheses of dj d conj ugates
of the 20 coWB8IdE of general Fornulae (1), (1A, (1%@?@?%\? and (JIB).
Those of skill in the art will also appreciate that these approaches are
also fully applicable to the p r.at ka i kish ndoisisH

anal ogs. Tﬁé"eﬁﬁ‘b'étﬁ’ngrr%‘f‘fm StrwfhfF %P J% VX%QEE’?{%&N%?%SFG;-@%% ri.ng (fngl ogs The
root bark cdenstardidsydarfax WRigh sron upteareaion A%"éﬂi%&"eﬁ%’}, 4 ﬁg‘ﬁ’"u s found

i ndi genous| ygihRtionZ? 46 F@Ioed 5] amdl stepbhogiddRep ufthé ©subing Korheldo thyaerbgyelisrecidsed
traditionally as a foni Y E, LdmpBshdPof FEreORELY), (1P Bndigims

treat nent oFfIXdr”?'fgﬁcﬁ%t[’?’%?ﬁﬁéﬁ%q%ﬁggg%%gsprDouatr%fﬁg tﬁgl.iﬁr i nvesti ga([ﬂ?on of this
fol k meds ci byepprorcipte pigsisiier A SR8 dentified fromits pharmacol ogical |y
active extracts dawempeamelstch né oy clyitessis of rerprerest Famakt Kdi2ed 46 ¢ Enpound
1) and its peth ( BHAGIRR) is tha Bied@|eiGbRGbnl MhifFegtisneand the uSed Kim Y.
H 5 Chung, g_mpg%{is oggéﬁﬁg%@{&g?? Ps”%) 2 negi g J-RERG S OO ERNEBARAX

Kor eanund . lectp oRgte orppEy PPEEEE Y %‘Fﬁ““%g@%- 383" "Acant hoj ¢_aci Aol §,2

pi mar ane ( 3jyathéddwesoapgundsrof Edvaylp(lig entherseletive ynthepigof coppoupds erFr‘PB’é‘?as( Bt *Phe

pi mar angg f amhbiy helfolicvindi phdrdmBQibnspiiie iy tansednugisalof St diepiche fiir gadmple,
relationship et erE ta ha?ane 0 nd FoRY GERE L for Lﬂ@;ﬁle,ﬁﬁg@é& dess,ai1uni gjes node of
connect i vi t {PHP A HETTRY s@’s e E’r;or to this | nyention, no, lete
chenical sy Redtissi Sheexs 3t 2d- P01 r Baweivgh YEE ?H?“E‘lﬁe")ﬁi ggyee rﬁa?v"’}“ngﬂlgﬁe
structure okydiplaftlieBophilel inflideitios: o Rk diggIID:l nportantly, the cheni cal
structure of Fornmula (1), 1, -25 1 Cctober 2003 WO 00/ 73253 PCT/ US00113202
(Figure 1) possesses a biological profile as an antj-inflanmatory agent.
More specifically, in vitjo studi Wi t hRsactvat ed *A¢ gnmed)

nmonocyt es/ macr ophagesR® | ed "¢ treatmefit with 1 pproxi mately 0.1 to
approximately 1.0 mcfQ l am m f B houms ) Aeeads "¥o &n approxi mately 90%
inhibition of the TNF-*a amd I LR production. This inhibition was
concentration dependent ang, 5 cyt ok'ne-spe°| fic, since under the sane
condi ti ons the product&andf |lx6 & | FNy” tyht‘er f SamPama)  were not
affected.. The in vivo effeg@s of pnt hoi 'Rd wer e jleval uated in mce
suffering fromsilicos, chrqy’c™l ung i nfl amiat i"6849) 8nd cirrhosis (liver
i nfl ammati on and hepatic fi%br osi s). H stologic analysis reveal ed that
treatment with conpound 1jjl ed tg a gubstantial reduction of fibrotic
granulomas and a re & recoferg of hethrrofirefi%er cells. These
dramatic results can be attribyfedgat |eas l.10 partifally, to inhibition of
pro-infl ggmatory cyt oRines® sucl as°TNF- afdnd®¢L- 1Rvnelrated by 1.

Compound 1 al so shows very little toxicity in mce and only upon orally
adm ni stering a high amy

- wherein the numbered R-groups (Ro, Rys, and Rys) are as designated above for the compounds of

Formula (IIB), and the unnumbered R groups may be any of R; through Rys as designated above for the

20  compounds of Formuia (IIB).
Furthermore, the electronic conformation of the diene, for example compound (42) and

compound (112), as depicted herein in, for example, Figures 5, 7, 8, 21, and 23, as Reaction Schemes 2,
3, 4, 5, and 6, respectively, may be altered by the covalent linkage of electron-donating or electron-
withdrawing group, for example, pHS, to the diene. As exemplified herein, such a covalently linked

25 electron-donating or electron-withdrawing group effects the orientation of the incoming dieneophile.
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concentration (LD>300 ng/ 100 g of body weight). See Kang, H. -1$ ﬁé'rﬁboa
Y.-H; Lee, C-S.; Lee, J: J.; Choi, |I.; Pyun, K -H, CeIIuI ar [ nmunol
1996, 170, 212-221. Kang, H -S.; Song, H K. ; Lee, J.-J. Pyun, K H.;
Choi, 1., % otoﬁ%g I nf 1 anm 1998 7, 257- 259. 15 The chenical structure of
Formula (1) tAUSRas potent anti-i nflammatory and anti P¥YHPURR  effects
and reduces the expression of TNF-a and IL-1. Acant hoic acid is thus used
as a chemi cal nt...of novV mpo nds of the
invention. Ret rglgmg%?tcgr?%a Jo%\ﬁe a}p!g& oﬂﬁe |$\]e$ﬁm%lt%:h[ra na uda ofdnlgneEL a|F(:)Wf tol‘tlnf 21 (1)
and (I1B) TFI@“‘B‘Eﬁ?ﬁYj’H?FH% dgfre wéﬁmda@m( fra'mfarw-)ofanwqudB}odei giifd indicaitsababbl y t he
conmpound of tHeangulst @ethll)at CPDinfuRckeC hEPoiainelisciiofy dfalienedcad hd hiBy wkes tfgaat ed
TTLI, TTL2, a;J;,TJaémfﬁ@@.eJ;Iﬂné frb@a@toefacémem b apBéil %@c&% 2GR, dﬂegag to an

aspect of the 1 nventi.on. dlsconnectlons 0 nfoun
For nul ae °( 1)° °a°tm§°“§fifo\’/5rf°frﬁ“'ﬁ9|(5@r eTh? apRFsh Alsy dlloved Prde dralorasnt dfgeiblit of the -
BC rings andsytmetripreigent the Difs Aldvereaptiant €libp bamyfitOISngehintl entalgsonstopposddaoc an

unusual not |cﬁ1raﬁdﬂfé!|4r@ﬁ§lret)@lcﬁs .'n@\(f@l do%eﬁgoqgﬂﬂe ;e%ltiltéreﬁuré)ne aspect of the
i nvention. This (thl f
1%

st er eochem stry preferrrzn? embog”merit ﬁgtgﬁnverltmn A t?g ilse Igretiaﬁ 6/8 F Ib%/was &emlogﬁieand

exanpl e, 14 aPFé!Fbe&Wém@ﬁm"I"EPTOVSQJ@ana%r'ClSS“ﬂ(@SﬂS ofpanizbBthdhndndee Goeeyelel 1.5

auxi li ary) , imene; Zneenii-v.i/ed:, Thent. b, BPRUIOaPId At Contpbab U9 B shawhed vk Didor an
endo sel ecti T n he desire

r egi ocheni ¢ éﬁ\{a%r %clgeldﬁmé! c?%xl; ﬂeclfrgﬁcgw R i aneqi;? fg:}‘]“; B\htlﬁe[cm%ms(hg) %ndtsproed]pce r?)éctlulsgeﬂ)él i zed
transi ent | y thrierdq addustén redent ¥k trﬁﬁ?a“té’ié’érﬁﬁﬁ@ss (8% xisiBE*69¢):- SPh) , which will be
subsequent | y r endppbatidrr gmhetabree petbaology td Sur syttesige deica linyFigukss hs/Stenerid 0
preference of, th:'aéiygt CEI ARl agcgtlo\ﬁ@%er%ﬁg atdsi é}]ff@:ﬂnh? LhoxttJﬂQhestBtﬁraﬁlg gin}t ?‘l

rel ati onship enters as shown in pro uct whi |l e
the di asltseré‘iﬂ’f“é(d,ﬁfo"?ﬁeef %“ﬁ é’ f°)7pst¥'?thef'ﬁ%fclprocess will be controlled ei t her by
a chiral s Conpod plnfler of the dienophile or by using a

(ISE hi ;\a| _(II_ at a: y d; t.a Ea@ﬁlaﬁglsaﬂﬂnpie%f a &mpcung\aft fhliac @), (ﬁ)} {u1ab-i bi@B) r;'n—awbel_ﬂﬁlgsqizgé aki s,
ota ¥

I Enan
Horoal | enyl Bor at™ on Rgat"ﬁac‘c)ilﬁ &p harjn acoév"%'c St&‘hles 'Jfﬁ@@le é{ﬁé’?l?‘g Lib;eg -26 1
Cct ober 20032y iDPPIRREd OP@TPW PREqypulas; (B meingddelpdy Shes afsarting chatpriel @s
pal | adi um ( @jpictedtircltiyizer SGonsd)r Tieldlonbad ytehere@&cﬁarhhdoncg,chenﬁﬁyeaﬁrbpagd ket one

16 as its SYA“E»JEE‘%EL Cerdpl BUE e¥e§) lod?la-g]r malﬁe Aﬁg Er He%ﬁi%&ggn%r {"aggéj\Te]:i rbg tre&

W el and- M escher’ ket one

condensat i of®6f HetshIHNPSy Bagddemt d@i@f““vﬂftﬂﬁ QetWéﬁSthmedl‘ceS f%"ﬂﬁ’e%ane
di one (18) (émmurdefRymull: DAINARA)agdR)Ct of the invention, it is recognized
that the functionalities and relative stereochemstry of the AB ri ng
system o{s acanthoic acid (1) areakin to those in the structure of

30 1*; 14C [abeled acanthoic acid




podocapric acid (20). See "The total synthesis of natural
ApSi non, Ed.; John Wley & Sons, |Inc., 1973, Vol une 8, pageg%{:é@gzo%
the several synthetic strategies toward 20, highlights of the ones may be
are relevant to our proposed synthesis of | are shownpetusoniganze 5.

Accor di ng t o¥? ME3%H i nvention, these approaches all owed the prediction of
t he stereochem cal outcone of the synthesis of The conpounds of Fornmul ae
(1, (11) de twlgs ofgacg&&a%geyof%ﬁe%ﬁ he g eahulal), thea@ompounds of For mul ae

1B d [i6a vihg ki, TTL2
gI'TLS) aﬁg TTL4 ResspeRt of ﬂ’e(jlﬁhﬁ]tlglﬁt g"{ga u%{ltlglfj catlo)1 oft q{ogetl ﬁrﬁ]r 51 Fﬂlﬁ\gtlognﬁkgﬁia ihd

ounds o
(1), (11) %&t@&ﬁ)tl]?henpomd's |oaIF0rs1tJle|c§”bf(“fb)h@d $U h%'g‘f’%c f°"%?&’5$n°{18‘”§c“§<:| d (1)
and of all m@%{gclﬁd AfiorERr dtkR® cdippundd dfIFprmulb Fi el ide Tif@ation pydgvide dhet he
reaction of el and- M esher ket one (17). This conpound was readily

avai | abl & f%o# BVPHliids 18 and 19 ‘as a single enaptio Y, ael
addi t i on/ Robi nsahe deigulaat fyomesissd guame &7 & AEPoRss Qﬁg?rf“(“,lgg{r’?o's e '\4—.%&

(R -proli neﬁn@ﬁltgeo%}ew@s 95&'ﬁﬂﬁéth@nﬁmtﬂfunﬂsh@:t@ﬂl@ fipatioha rﬁ@@“e@a‘ﬁb@ﬁgﬂmpoﬂ?soup of

17, followe ctive al k ot @qgcpqa,, 34“ \M.;m rnew‘tyl(m&yramf or mat e
gave rise t# F‘K’éf’%é 't 58" r%ﬁg%%ljr@rgtl on of ) 39 via CFOFI«%r

previ ous 20plﬁtnuehpas<;) (Gpopshechy TNG-c @d:1L- F—laﬁ‘&'ﬂf““géc“"ﬁy °f"“)f cﬁ’EWu SIS0 ective
met hod E gH%V% eg%tﬂgstﬁlénﬁ}a péruaniarlpmda%ampsl « thcirdneorpoarmikore Ereramelei ¢

O L e 3 B! B L, R8s PAOUEL vl e el o

tion of th | and
aci d- cat al yzespoddprdFeeti dR) &f p q‘féfﬁk@t Lpeligh ‘Tshédﬁmoﬁsy 9%570 r%?lgér:])e 40.
Conversi on Qfy 4 49 ﬂeﬂ@raﬂﬂﬁhﬂ’e&d1t3dd)felibecoﬂlﬁouwas)f Faode GGB%E‘EFS‘E‘P&-’ ey st ep
sequence | nVO| Vi n%@ ages o the crq% L&Qoﬁ-’fmﬁg an; Eélel:ttvﬁ delidry @&mﬂ(ﬂ R@S@ﬁ@ andriflate

derivative, 4% I um cat al %/éﬁ e HP Ling with vinyl stannane
41. See Bar |rerfremgﬂletafgﬂaﬁ@k“e bS""’aI“a““gfi*FPté‘g ‘8°gﬁ A "Synthesi s of; I%S
bearing ol ef i ni cosyakibwu sigefiBice® tiphations degign Hoevsiby fawnpoanqsaﬁf’&w&?é % HEY bi tor s"

Bi oorg. & 30 tpeallece% s et hodifb@9P of Be Alfid B- rigd 8 oldBhdic atid (B)tehat wer e

nd
s T e e a7 Rl A oo c Lo

For
and (11B) armuts. ot;eulibbin G-l N.5YangsY- Sgpﬁ@ng B, "Dogigpiand :g/r%iﬁzs f£ L gano- (|
cycl oaddig i Ofh2 Qﬁ&éﬁ@iﬁﬁ 9Q§eﬁ'«ﬁﬁmézmcﬁldmdl @8 6ighly hoﬁveﬁhﬂ}lbnbodafln@m@uc}gyarod]ac@em)et i ve

desul furization wt ; ( b CY6]3754.5 ¥R, @Medtd Wi dickelt he
desired -27 "10“59(:‘?%?5’8}?&3?0%%’ 8%0%7%§§ ngh%gs ; 5 ¢

synthetic  oleanane triterpenoid,  2-cyano-3, 12 d:oxoolean 9 c? engg oic acid, with potent
differentiating, antiproliferative and anti- inflammatory activity” Cancer Res. 1999, 59, 336-341. More
specifically, SAR studies with commercially available 53 and semisynthetic derivatives thereof have
25 led to the recognition that that: (2) attachment of electron-withdrawing groups, such as nitrile, at the C2
position increases the biological potency of 53 (Figure 9); (b} an o, unsaturated ketone functionality at
the C ring is a strong enhancer of potency. The combination of these observations lead to the
semisynthesis of a designed triterpenoid 54 (Figure 9), shown to be 500-fold more active than any other
known triterpenoid in suppressing the inflammatory enzymes iNOS (inducible nitric oxide synthase)

30  and COX-2 (cyclooxygenase-2) (Figure 9}
Synthesis of the Compounds of Formulae an, (11A) and (IIB)

The thirteen-step synthesis of the compounds of Formulae (11}, (II1A) and (IIB) (as shown in
Figures 4 and 8, Schemes 1 and 4, respectively) is efficient and as such, it allows the preparation of a

variety of analogs useful in SAR studies. The biological significance of the unusual tricyclic scaffold



stereochem stry. Transformation of 44 to the Weinreb amide, fiQdlawed,fy
reduction with DI BALH generated al dehyde 45, which upon Wttig reaction
gave rise to olefin 46. Fluoride-induced desilylation of 46, followed by a
two steps OXiﬁﬁto&rBﬂ of the resulting al cohol to the carboxylic acid
produced acanthoi ¢ acid (1), and may be used to producd FHEEHHounds of
Formulae (1), (Il) and (I1B) 5 by approprlate substitution of the

i nt er nedi at t hesi.s of compounds of Formul ae
(1) and (lA)%?the%oblﬂpé}ngm'fae aféefHA#aqii__Eﬁﬁ{]lsey& eEnTir isco siricAt)d “éfﬁ-'dthf zrpprgyrlatel s the
Di el s- Al der r?@%\é{dFrdea’ys‘ﬁthEe Sf“éé’@f%“t‘)"ﬁs”ya'l‘f‘@dt"’lﬁlé‘eB@é‘ﬁt&nepms@fel@tmvmmbr yne or
mor e appr oprstaadas] yodifislghs df wbreghtiiienesncainel/ 20 shaliiein R Fighi@ S 0,P & MipkSenfaliR

sel ective %)(Bﬁmgﬁtﬁe&iﬁlp&m%ﬂfﬁﬁa(ﬂfarf SWLﬁOLrAJ) or the selective
synt hesi s, of co d exa the fol | owing

preferred di enogﬁ ‘@?mﬁﬂvmﬁﬂ Sn%%'ﬂi ﬁ(tﬂe I“a?‘;‘édsdf Fenpela @f nﬁﬁbﬂﬁ‘ﬁ (188 may gpo exanpl e,
conpound 43 iepatbopiehitoaria s(pp@Bpch aas°ordeap1lptclaemanbe:mm Thisipermitf 0 fa8k 3oRkRonFi gur es

5 7, 8, 21,ofad&£$m2t3nal ﬁiﬁaneRﬁ%ﬁTc&:ﬂJamﬁEMH%la%n (ﬁA)aAfid flé) FferRore, bQ rﬁﬁé{%a ively
y|eId conpoqus of For.nu ry dienop AT T I'ncl ude

those of Formul'SEioM F "w%g”:ﬁx ?Tdilsl “I°T(1”|‘a}°“) W@F@Pﬁ ey 'Hﬂ‘ﬁﬁ“éraé‘ﬂscﬂﬂgﬂ@ups
(Rg, R14, aerTfM}BBOS%h’% as desi gnated above for the conpounds of Formul a

(11'B), amd the upmuaBehCEbeRafhQIP STIWCkB@:c 3 Me ngpaﬁcg EF]%HQJL ﬁ%%l!ﬁgand

desi gnat ed v 0

el ectroni c 3@% gl’ {so Fre}eragié fla%qF]dC wﬂpa reactw c(::g?ss E@(ﬁrggﬂat is gﬁg% Bh'l’i"ﬂmffﬂ?ﬁy ]%wg
conmpound ( 1F9ies. Jhesggyslics pssieh ihtee @?“ﬁf'qawﬂ of B¢ in aixataptt ef thdtog prveds oBForrfyla @), 21,
and 23, as %amnu (IB) Sahedeis fiddamedal idightDintod0ndde offa&ﬁapgﬁercén‘ﬂﬁ’cﬁmd DY BE

altered by t laJ?g-Fn | el .ec n | ectron-

wi t hdr avi ng ‘g at&rﬁxgtﬁog\é r&e’f)‘(hg.ﬁlf@cg%m%hsacad or tli1% ﬁ!@ glqlégee(pre oreo g)r‘?‘ﬁluﬁefﬁfl AFBEr ef n,
such a cbval'8kirg e}’/‘F’“I”P‘ﬁ‘R%a‘ﬂch@aéR’%f’é‘ﬁtP BRICEoOTHE reﬁﬁjﬂ‘bﬁseeép edbt.digswilHhdr awi ng gr oup
ef f ect s t he Seuthesimbfafimenyn - Cct ober 2003 WO

00/ 73253 PCTI usog@faamm%omgm;ﬂ%hpa&gg BFchh o ro g 'Wg% on, the

chiral nature % di eng | ows it ce agh dur| ng
the cycl oaddf¥i°8H g ﬁ?‘ﬁ&i“l’%ﬁ"“ﬁfsf"a RS-t dﬁﬁaébasw acgphigRdidanitsstet hat
t he angul ar Gﬁmamws biglog @RI interbdtivgemsiis totvive a fdeug itadgetiged @edid webdpir @fth pdiddtidleact i on

and al | ow n‘mﬁ;ﬂicﬁﬁflsi 6 1c@Rbr research.. See Chamy, M. C.; Piovano, M.; Garbarino, J. A.; Miranda, C.;
Vicente, G. Phytochemistry 1990, 9, 2943-2946. While no biological studies of this class of.

compounds has been performed, according to the invention, dimeric analogs of Formula (D), (NA) and
(IIB) are evaluated. Synthetic acanthoic acid or bioactive analogs of 1 are used as monomeric panners
and their coupling is performed using standard techniques, included those described herein.
25  Experimenta] Techniques
All reactions were carried out under an argon atmosphere in dry, freshly distilied solvents
under anhydrous conditions, unless otherwise noted. Tet'rahydrofuran (THF) and diethyl ether (Et30)
were distilled from sodium/benzophenone; dichloromethane (CH2Cl), hexamethy! phosphoramide

(HMPA), and toluene from calcium hydride; and dimethyl formamide {DMF) from calcium chloride.

30 Yields refer to chromatographically and spectroscopically (1H NMR) homogeneous materials, unless
otherwise stated. Reagents were purchased at highest commercial quality and used without further
purification, uniess otherwise stated. Reactions were monitored by thin-layer chromatography carried
out on 0.25 mm E. Merck silica gel plates (60F-254) using UV light as visualizing agent and 7%

ethanolic phosphomolybdic acid, or p-anisaldehyde solution and heat as developing agents. E. Merck

31



approach of the dienophile fromthe top face of the diene. Thiéct@déﬁﬁ%(?h
produced the adduct that |leads 5 to conpounds of Fornulae (11B).
approach al so allowed for the devel opnment of a catalytic asymetric
variant of the Diels Al der reaction. The benefits of using chiral

catal ysts, as"OMfdstd to chiral auxiliaries, are obvi GV Rel |
docunented in the recent Iiterature One preferred enbodi nent of the

i nvention is..the Y. evel o ed by
Corey towar d & (grropsj aémiee & B G‘JO 0%%% rey ”feﬁg’\é\?%sh g\""”&%’g‘?&f‘bl B @@H‘@’r’?@"'k?er See
Corey, E. J chrommranﬂkrmeparampm “zwa:ﬁrged o4t mYO 230r Oﬁmmn(:ﬁewcksw@a PRGOWIF-2596, 3611.
Conpound 49 NMES sphia\Wrel i@cotled OiWa Mapdns40Mattidr S0y MhD aetebimlodt© MdQkiibRdRed using a

el ectroni cal -Ls%lue{l uﬁﬁutg‘ht %Ivﬁ:?t aWa& h1 ey, E}@epempel eh'l@ fc(i%@)ng %E‘J(Jevex{lonf g%ga e)éd usively

t he endo adé in exce enant i oneri c” excess ef’d 97%
ee). Appl’ céf‘ﬁ'%‘h““b‘f“‘”t'ﬁlu‘é“"ﬁbsovsé‘gf‘?bfj ﬁd‘&%? by Pl BT AUAET AP Radiigles 8= él’@ﬁﬁ dRed in
Figure 8, aspSehemeecdided disdlioft pataal2y ST-IKSequooairdegicadatiibisorelrecueddat i | ity

and si gni fi galfl,nsdhont ramam h mé %ma@sfs LraSHRAS) wereTedo
conpl eti on Qf tﬁeltota“% % SOI S&tm% %eRadl ogd; ]eae\g%%égrrpounds

of "For mula. (15 M s BIEkD U SERiEH) EMBHoR b PRI % Fol MUPARZ LRSS (| 1),
(11TA or (I IsBrtraweier nder SaptritomeroinbaedinentdfveB)icendiiesf ul i n phar macol ogi cal and
phar macokj netic studi es, For exanple, a Cl4-|abeled nmethylene carbon is

i ncorporated on the conmpound of Formulae (1) using al dehyde 52 as a
starting material (as 20 depictegd i F glge 4, Schene 4). The Cl4-1 abel ed
yield, required for the Wttig g , prepared in two steps from
Cl4-1 abel ed i odonet hane and trip i ne, followed by treatnment with
a base, such as NaHVDS. Base-in e ection of the nethyl ester
produces radi ol abel ed a conpound of formulae (1), (I1), (I1A or (JIB). 25
30 -29 1%t ober 2003 WO 00/ 73253—PESH-USE0+ 3202 bj ectives of the

Synt heses of the Conpounds of Formula (11), 01A) and (I One aspect of the
invention is the i denti fication of novel anti-inflammtory drugs having the
structure of h npo nds For Bi ol ogi cal
screening of ' E‘H”t'io?lf’ heiong 3?4358 éﬁéig"f’lég“ eﬂ’i@%"}"?‘?}e @é%f’*@ﬁé"ﬂ reghsdtinds of
Formul a (31)tﬂqﬂwbwnelé72mﬁf0e§?-mt) prsegyovigylikethoe Ghal 034 dely i Tn reegquinixenevss. The

desi %n apd  SHRkAREISCHEr 10N AlIARE cied td1B <COMRAVINESwR Fenfo@s MHdeAorksbdrd ank & Dased
on the

resulting crude material was chromatographed directly (10-40% ether in hexanes) to yield triketone 2
(61 g, 0.31 mol, 78%). 2: colorless oil; Ry= 0.25 (silica, 50% ether in hexanes); 1H NMR (400 MHz,
CDCl3}) 8 2.75-2.59 (m, 4H), 2.34 (t, 2H, J= 7.2 Hz), 2.10 (s, 3H), 2.07-2.05 (m, 3H), 1.98-1.94 (m,
1H]}, 1.24 (s, 3H).

25

30

Wieland-Miescher ketone (3) A solution of triketone 2 (61 g, 0.31 mol) in dimethyl sulfoxide {400
ml) was treated with finely grounded D-proline (1.7 g, 0.0]1 mol). The solution was stirred at 25 °C for

4 days and then stirred at 40 °C for 1 more day. The resuiting purple colored solution was cooled to 25
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foll ow ng objectives: (a) defining the mninumstructural and 5\‘%
requi rements the conpounds of Forrmula (11) that are responsible ftor the
TNF-a and IL-1 nodulating activity (mnimum pharmacophore); (b) inproving
the TNF-a and |L-1 nodul ating activity of the conpoung la 10 (I1)
by altering VA& Bt FPucture, particularly the R groups o %é]}:ér}nﬁzgurrum

phar macophore (for exanple, SAR st udi es and nol ecul ar recognition

experi ment ) L0 gfa he q@,qyoqllm @k Formul a
(11) by ph?ﬁ' ﬁl]#e%lwrlltlg)&g{g%(n%ﬂﬁl Enla%mm{% 119 arﬁl&» i nt g@p g-or\r s Qvigne {he

sol ubi | i ty amerTRRTH: ﬁéb‘ﬁté?fh%aﬁai) I“Pt V‘f-‘&fga‘tﬁéyet“dﬁiﬁa REE g VRSN ) (e)
synt hesi zi nghjard oeshidsiytogrghn@d-$0%oehec Dhpagralttesveaf stohecrats mpdigddetof. For nul a

(11); sel e%aite\(1§1 \’Q:IE Lé,al A ecH@[otcﬁroﬁngre(pE)) (b @@ﬁ&h@m l@ﬁn@ﬁﬂ\d canléenfrﬁéd By t he
target structure w)@/weva uat i grtl cul ar

si gni fi canc® &oha yev Pt F'Br?&lwagcﬂﬁ? i “b?thylr‘ﬁ tc’i“u%%’ls rli]—Jor mil ae
(11), (11 A)ywhichniche @ ldyB)of Baxenet (@) mipeesratided epiop pfsthet eﬁm Tr#\eawlﬁb@m POt he A

and C rings,Qtq Q#@@ﬂglch&a;awd%laéé%)t@ a @Bezerd@PPOtoRdnibin FiegtstEngorystaBadret 0
enhanced ant Iecg@%y bfgli?arélgn dnse\r]\[w:g1 :c%colci\llhexal a:@'fﬁte) ymlgcel:n!j Vcintz%lund%e %re!‘»_sl@r@da T.

Rounds, Desi gn and
synt hesi s " o onGenirajigm o’ DO mGther dinedr @5esIed ARRIET 9%@%"02“8“‘68 ghe gpetals 2Hordrd el and

hi ghly agt i WRlahdielhérREoRfE)NEL £ 004 oI, dis)p Baﬁlucr;stann leno °mu®e5mmreophages
Biorg. & Medic. Chem Lett. 1998, § 2711-2714.

synt heti ¢ Oheraaesinks1 1Pt 188 arlofeHo) T MRA409 Mbe, &PS%%? %’aﬁ*— T)g 7&72e6ﬁ ('2'8 0| c
acid, wth patent, 42‘3 ix%rfﬂtédghnln nﬁi)ﬁaﬂtl 6'881{:1 OllH%,' 4 ésatsh)\/ 9136'?41411 (100 MHz,

anti-infla 10ry t
speci fi cal I‘}DCES,&W%T d%ﬁ‘é Ski 2B 7.8 fier S 23\7&’43146?81% 53 and sem synt heti c
derivatives thereof. have 25 led to the recognition that that: (a)
attachnent of el ectron-w thdraw ng h as nitrite, at the C2

posi ti of’i ncreases the biol ogi cal b3 (Figure 9); (b) an a,f3
unsaturated ketone functionality ing is a strong enhancer of
potency. The conbination of these | ead to the sem synthesis
N to be 500-fold nore active
than any other known triterpenoidfin suppresging the inflammtory enzynes
i NOS (inducible nitric oxide synthpse) 80 and COX-2 (cycl ooxygenase- 2)
(Figure28). Synthesis of the Conpo rul ae (11), (11A) and 11B The
thirteen-step synthesis of the conpounds of Forrml ae (I 1), (I1A) and (11B)

(as shown in Fi Jgures 4 a i vel s.efficient
and as such?<§® 4 f*oﬁﬁ)é‘“‘t"h%qﬁ?"%epgﬁ tFoofiMo'f’ " ?/egzrcneefl anatf%t“!s VIS8 ul i n

SAR st udi estoludizenlfoiiohdtyi4sad. 0924Qgmph adaatiyencofiyepln@s u’hL?s?Gla‘I'O‘)t r’iheyet?ﬁl% vegaf f ol d
-30 1 Cct obgk,20Qn y@ea@%aﬁ&%%u@g{{ dJRE204erla3 2602 Obnct hereCaoppea wsldaing in thor mul ae

( | 1) ! ( ]ZJSA) Dean%taq'k appgrau(s th e reacti on%.psl c%%{alete ?app(f'g(n§ ﬁ)l’ Ega'iuﬁgthy:%!lcﬂ& fEﬂ&g@rQy%&Pr late

of time tended to darken the reaction mixture and lower the overall yield. The reaction was cooled to

25 °C, quenched with triethylamine (5 ml, 0.036 mol), and poured into a separatory funnel containing
water (300 ml) and saturated sodium bicarbonate (200 mi). The resulting mixture was then extracted

with ether (3 x 800 ml). The organic layers were combined, dried over MgSO4, concentrated, and
30 subjected to chromatography (10-40% ether in hexanes) to afford acetal 4 (48 g, 0.22 mol, 90%). 4:
yellow oil; Rg=0.30 (silica, 50% ether in hexanes), [0)25D: =77 (c= 1, CgHg); IR (film) vmay 2943,
2790, 1667, 1450, 1325, 1250; TH NMR (400 MHz, CDCI3) d 5.80 (s. 1H), 3.98-3.93 (m, 4H), 2.43-
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Di el s-Al der catalyst). The sites that are easily altered viaqtd ?‘?I tic
approach of the invention, or by standard nodifications of our syn etic

i nternedi ates are shown in the Figure 10, and representative exanples of

t he conpounds of Fornula (I1) are shown in Figure 1 1pcrasediozdesired
cherical scaP81d*df the conpounds of Formula (11), (IIA) and (JIB) nay

al so be incorporated into solid support such as, for exanple, a \Wang
resin. This permts the facjle copstructi atar i kbrogri es of
t he. corrpour?cﬁé('éf%‘ﬁ?&r’ﬁ‘ﬁ?%(“( %)} ,?‘94(12%4)“’ gﬁdf'%\? eg?ﬁ 3&8@&@ 5}9 ai}f\jlllélctgr ding to

t he i nvent inRs, cpceseme.edsTNRSE, HAd. @Erqf’-lnﬁdvﬂ“ét%rsssoﬁa%ﬁ n%?re rapidly
identified and screen that currently possible. 10 Photoaffinity |abeling
studi es. The backbone of the co rmula (11), (11A) and (1IB) is
al so preferably |abeled with a rieactive ﬁ)ms linker, that is useful in
photoaffinity labeling studies.] Thesgstldiles assist in the identification
of the in vivo target of the co roula (1), (I11A and (JIB)
and provi de fundanmental insightsjinfa #R de of action of acanthoic acid
and on the activation of TNF-a. 'I'heo H9 cgrboxylic acid or the C 15

al dehyde (precursor of 1) are us ful e crogds- 15 |inking experinments wth
the appropriate photosensitive reagents (see 60 and 61, Figure 12)

Synthesis of dimers and c Lhe; S (400 m Q{ Wd;a,as(tﬂeat;d, (JIA
and (J1B) DRHERFESTAMIETHL hm%ﬁp‘?fu%agf‘“‘%‘?&%@m“““ g Ab B
such as f or depeseptiv agflugon=f jeetal A% & e moP aw ‘&t E‘HY 1El d8ur'ces and,
furthernor el hf nQ?Xr&QfﬁEdmg GREmREGIRN 8 Bl oBredio ivdnTm A ptir gorefdux (63 @rfwﬁemrs

biologically | ter abbrdd0s & r,v&eamelag wisd (8 [diddhekge ecept or
with potent PH* "'2(3°° cf 78 ({?g%ﬁsgﬁ&egg%%@(rgﬁ l ?1[ ma l 1

Pi ovano, M thequtﬁaiﬂllerfelf’"?f the peactiop Mty of “C““"“‘V“ el wamced('f f’%%%ﬂé en(fc)stl y
1990, 9,15294g+1#MhmoniMliidkip evapori¢dondegs gadm @ctd[}’d#t’@Benoflwtr?’i‘?a@‘“@ F%%‘é“ agfpmoved
conpounds ha bgr%%urp? fe&% Bghite 36601 ARAG tuahet B@mih RM@A high Necuttis, By hiogamal 0gs

of Formul a are eval uat AGEddRhEe aci d
or bioacti vémBPPP&F‘é)‘Qj%S ‘"‘5’!"“’1 a%tdré ’U}E%rdenc’late 7o Susﬁe dgdqn dé}éﬁ@?&shﬁ 2

coupl i ng | s °pexbiby npobfusitng.0stldwadmel) W@é*ﬁﬁi‘dd%j’é‘éd ‘P‘? i (i ?‘Hggﬁ““&%g%r i bed
herei n. %H‘ﬁé }eﬁﬁ&tv@i wé'?ﬁ@dwb @W:Bra sth¥eli fof ERMbie ONSter(i0 el)ciad stice@0GmY werrder an
P

argon at ”DS ere | colr . HEQhfate HJB%%{ hRAR @lroexu*ﬁ
condi ti offs, 2d%f é%d§"°d?'ﬁtgr|’ wr uécg mrtloo ot é‘%dé]mk% wﬁt?'h\%%ﬁ : lg f}}] y( Ehyl
et her (Et 20)Afenvspmatici the PﬂE#f’@daWTsémag‘&&islPhﬁsbéf%'ﬁaﬁfé S’H etheg K| o

(CH2A 2), hexapEdRyphnioRes plhean e Mgsewlem)cc;ntracﬂdan@@trbnfetnrétofchtr@mtwpi@f(lﬂ-n

Py e AN e L OL TR A% LRV, ;Beﬁn%@'ss%)ummﬁwf\iﬁim@@mm@Lds

refer to chridwstggh oscopi'cally neous
materials, UMogSifa, 50%Rern iBRnst (17D 2. ReadeioHs). \}\Peff@n)mwcﬁ%?s Yo dt"ﬁﬂm ’dhest

COMTET Ci aI ual |t and u t4189.224al18SS- 1@kher wi se
st at ed. F’Q%aglﬂ%ﬁ”é’ ]?fﬁ It4‘(’)3'PéEQEm 2%?4.359 36 (e"?Lﬂ(::I ?Zﬁgt%gr azslr#y ‘Car I‘ll ed out

on 0.25 mm By, Meroke ,,maegeebzm a7 1R 5H) L1 D! . o

visualizing 1@194%%00%‘}&2, L8003y 52054, 170.0, 1119, 652, 65.1, 599, 520, 43.7, 416, 37.5, 303, 298,

26.2, 22.5, 14.0; HRMS, caled for Cj5H2205 (M+Na™) 305.1359, found 305.1354.



et hanol i ¢ phosphonol ybdi ¢ aci d, or p-ani sal dehyde sol ution a?#)ctﬂ@%t (?0?
devel opi ng agents. E. Merck -31 1 Cctober 2003 WO 00/ 73253 P '3%) 3202

silica gel (60, particle size 0.040-0.063 mm was used for flash

chr omat ogr apg% ,I?r g’oar ative thin-layer chronatography,sgpRasaidons were
carried out odi°¥™?% or 0.50 nm E. Merck silica pl ates (60F-254). NWR
spectra were recorded on a Varian 400 ahd/or 500 Mhz instrunents and
calibrated using a residual undepterated—satvent as an internal reference.
The fol |l ow ng abbreviations were ain the nultiplicities: s =
singlet; d = doublet, t = triplet in =nultiplet, b = broad.
1R spectra were recorded on a N 0 FT-1R spectroneter.
Optical rotations were recorded o Mo rer 241 polarineter. High
resol uti gn mass spectra (HRVS) wefe recorded onja VG 7070 HS nass
spectrongter under chenical ionization (GPcongitions or on a VG ZA, B- ZSE
mass spectroneter under fast atom bonbargjrrent FAB) conditions. 10 15 2
Triketone 2. A solution of diketore—t+—56—g;—06-—=0 nol) in ethyl acetate
(500 M) was treated with triethylam ne (72 rri 0 52 m)l) and met hyl vi nyl
ketone (36 ml, 0.44 nol). The reaction m xtu @ refl u at .70 C for
10 h and t h@exhobeaivtgy o etessterthd Ok on%srl'f“’lwﬁéﬂ\ﬁé\nﬁ’vé Vil i w’tg gUre and
the resultihpgide e, Mattendlnl Afmstirciy bnaihographdi ruitieg ydilgw- P@@ﬂ ragtet her | n

ge)z(gn(e:? | ;[ g gy:itﬁ%gas q[x gﬂ%h gﬁ[?ch%rom(e@;{ ng:th IQ-th@r]Q m?nll 0. Oi(ﬂ%l) and the Ee@dtn&f dues& toi | ;

in 2! 59
(m 4H) 2. 3;4; a(mfxddltlogql_'fl 113L257C2 TETZI sl tlzg \itbte— %IY[RW%"_‘)NT& Ne'z_s% nﬁ u6 ga s% tor;?:’
1. 98- 1. 94 ( ynnel binyajnink.i@4vafes(1 0BH), sat@Sec@@dnw bifacbaRRiNF GBI e etiient @Pn‘é‘) Jer A
sol ut I on of tﬁerlh)}gr@t\\gﬂ%e[%ra(c@]th ue@usa%errr\DAs)exrl'aE\:edeﬂf&myb >51d0f110)(|'ﬂ1€c&n4:ﬁlﬁd m )

e
ﬁ: ts,: ??i :g e\ﬁffgrteai gm%ft? 8%43 grzfg 8ver %8(5} Q?nﬁenlrﬂe% gn% 517 gtbd 8 igrg%@a}hy (Ih& ﬁ}0| Ut ion

en Ssti rre nor e
The resul ti rg%pueph sexaes)or de wt@t’ﬂm%ﬁsn%@é%b(ﬁ FQB‘O‘QS“ B 045 @&‘F%B%/F 2003

WO 00/ 73253 PC | USO0I 13202 di | ! ter 0 ngy (100
m). and pouf&d" PHEBa [‘ge&a?”%?ﬁ&? yﬂﬁgﬂﬁﬁm% &Jﬁﬁg’mm Xéﬁﬁrgﬁﬂlg%?ﬂgm P17,
NMR (400 MHz, CDCI3) 8 4.89 (dd, 2H, J= 22.8, 6.4 Hz), 3.93-3.91 (m, 2H), 3.90-3.84 (m, 2H), 3.69
(s, 3H), 3.40 (s, 3H), 2.72-2.68 (m, 1H), 2.24 (bs, 2H), 1.80-1.42 (m, 4H), 1.37-1.15 (m, 2H), 0.960 (s,
20 3H), 0.95-0.80 (m, 2H); 13C NMR (100 MHz, CDCI3) & 167.8, 150.5, 1158, 112.1,93.0, 65.2, 65.1,

563, 51.3, 40.7, 403, 303, 264, 23.6, 229, 22.3, 13.9; HRMS, caled for C17H2606 (M+Na™)
349.1622, found 349.1621.

25

30

Acetal 7. A solution of Iithium (1.1 g, 0.17 mol) in liquid ammonia (400 ml) at -78 C was treated
dropwise with a solution of ester 6 (7.7 g, 0.024 mol) in 1,2-DME (30 ml). The blue reaction mixture



was extracted with ethyl ether (3 x 800 m ). The organic |aygrsg, gﬁ;g
concentrated (w thout drying) and subjected to chromatography { %

ether in hexanes) to give 59 g of a crude reddish-violet oil. The naterial
was again sul%‘{ ect ed to chromat ography (10-40% ether in_hexanes) and
concentr at ed V¥l d 5 57 g of a yellow oil. The oil WSHS¥%| ved in

et hyl ether (400 n1) and kept at 4 C for 30 mn, after which time a | ayer
of hexanes dxawwmomsan@ggggffﬂ,oés%g DA, B ke HiSud ¥R n s g@' sol ution
over ni ght . 7Bh& 3easy¥ rapily %ng?%@é ayig em%seodow%s'lmrweeé & 07 o) Theaesidig Whiens ed

wi th i ce- colidgryhvexsnesd b Ztinat &0« {13)°C) &nd hokfieeehidinite theré@sm Wag warmed in a

Concentrati Q&rgith (tsbwt) r\mn Hﬁlrnglférq uaoeruo@fni L Q%n@re@évtb%ratec &peqeac%dmﬁ&rmsni ng the
crystals afforded the -M escher_ ket one nol, 78%.

3: tan c?ysftuafrcgcdw ‘19“2@0‘( ‘§|)’I %Oﬂfa“ b%ﬁ%“étf [&f mPpand ﬁé%ﬁ%’gy‘) a'Idaﬂ"?"Sd F°2.80. 0
(c= 1, CoHEepardidrey MR, (AMEO0heNAszrs WEBDEIp8jtedSth aBBpug Ryer WidextraPedAAth2th6E3 ¢ R0  2H)
2.51- 2 42 (4. M combided- eaaer:LQ é{ﬁﬂcts&b&a drled7élv‘6r1M§§)4( mmczl.nhated Jamﬂéub_(e@ted gH): 13C
NVR (100 MHz, CDCI3). S 2 7, 198.0, 165, 125. 37,7, 33.7, 31.8,
29.7, 23.4, °h2°8‘ai93’apf5(52“03 A%&/a?‘heﬂ’“ “Rag‘?ﬁ?‘ﬁtyiclgﬁ“{?f 7 f@e‘tcoﬂ@”‘sm‘('z‘?é/“b T 6?'“2‘4 nol )
in benzene drysRQindrldiownas RE-ardoqshioa so drer tholeugRgshBent @.oqedid, dehsf @, 0. 024
m)l) and et hyl ene glycol (15 m, 0.27 nol). The reaction was refluxed.

with a DRandBvamkx AFHar i66.AAH, b?@hdéﬁs%z & NIMRG408 Mit §BChgt B95-30 épped
col l ecti ng m) stém%s 719, Ders gk Ak 1%@@@5@4 wm), Ha@s §}%apé5' 10 (.\4"5! g‘é%&'ﬁf},

(appr ox. Leaving the reaction (r;% peri ods ime tended to
darken t he @d@ﬁ gpe %IC@F@ ahd-" H\%/@sr“tzhfé Sovier %ﬂola 437, @3- ’d30 7FI31%3,r2é&@@ #on was
cooled to ﬁ ,

ﬁmyﬁws’ﬂfé‘%tﬁd%} o0 036 nol ), and poured

into a separat or')’/ unhe con 6@‘?%164&9 wat er and saturated sodi um
bi carbonate (200 m). The resulting mxture was then extracted wth ether
(3 x 80Qsm ). The organic |ayers dried over MgSOH4,
concentrated, and 30 subjected to y (10-40% et her in hexanes)
to afford acetal 4 (48 g, 0.22 nol, | ellowoil; Rf 0.30 (silica,
50% et her in hexanes); [a]2SD. 77 (c— );] IR (film umax 2943, 2790,
1667, 1450, 1325, 1250; 1H NWR (409 Mz d 5.80 (s, IH), 3.98-3.93
(m 4H) 2.43 -33 T Cctober 2003 gogfé? CT/ US00/ 13202 2.35 (m 3H),
2.34-2.20 (m 3H), 1.94-1.82 (m 1H)), 1.6 (m 3H), 1.34 (s, 3H); 13C
NVR (1068° MHz, CDCI3) 6 198.9, 167.l5,_1258 1112.2, 65.4, 65.1, 45.1, -
34.0, 31.5, 30.1, 26.9, 21.8, 20.6. 5 10 Ketoester 5. A solution of lithium

(0.72 g, 0. &QofT8! h shilkioh btdil7 GITDRb A AADTHH bo b washBarkd MRS M @ Hofbse

(approx. 15 ml) at 25 *C with stirring. The reaction was monitored by thin layer chromatography and

neutralized with sodium bicarbonate (30 ml) once the starting material disappeared. The resulting
25  mixture was poured into a separatory funnel containing water {100 m!) and ether (100 ml). After the
layers were separated, the aqueous layer was extracted with ether (3 x 100 ml). The combined ethereal

extracts were dried over MgSOg4, concentrated, and subjected to chromatography (silica, 10-20% ether

in hexanes) to yield ketone 8 (3.3 g, 0.014 mol, 95%). 8: white crystals; Ry= 0.70 (silica, 50% ether in
hexanes); {a]2°D: +3.5 (c= 1.0, CgHg); IR (film) vinax 20943, 1728, 1449, 1239, 1143, 1095, 985;
30  IH NMR (400 MHz, CDCl3) 8 3.62 (s, 3H), 2.55-2.45 (m, 1H), 2.92-1.95 (m, 5H), 1.8-1.6 {m, 2H),

1.50-1.30 (m, 4H), 1.14 (s, 3H), 0.98-0.96 (m, 1H), 0.90 (s, 3H); 13C NMR (100 MHz, CDCl3) 3
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dr opw se with a solution of acetal 4 (10 g, 0.045 nol) and ter
al cohol (3.7 m, 0.045 nol) in ether (40 m). The resulti ngqb(?cf}g%%zé)(%ure
was allowed to warn and stir at reflux (-33 C) for 15 min and then cool ed
to -78 C again. Sufficient isoprene (approx. 8 m) wa opwi se to
di scharge tW@%E& dual blue color of the reaction m?tcﬁggﬁqa‘lzﬂé reaction
was then warned in a water bath (50 C) 15 and the amroni a qui ckly
evapor at ed yn reamqof I £ Oy The & £1179; @iRR! cavdsorl enoved
under pr esﬁf“gqp%@lsggﬁ amg\%hfpi¥¥%§ﬂ g(?Pzegré %Qlf uﬁrﬁker 5 m n under high
vacuum t hecpHizOo@erNa"ptombepiems26id482r est ored, and the lithi um enol ate was
suspended in dry ether (150 m) and cooled to -78 C. Methyl cyanofonnate
(4.0 M, 0.050 nol) was then added and the reaction stirred for 40 mn at
-78 C. The reaction was warnmed to O C and stirred for I h nore. Water (300
m) and ether (200 m) were 20 added xture poured into a
separatory funnel containing saturat e oride (100 m). After
separating the organic |ayer, the aqu vas extracted with ether (2
x 400 m). The conbined organic | ayq i ¢d over MgSO4,
concentrated, and subjected to chrong - 40% et her in hexanes) to
afford ketoester 5 (7.0 g, 0.025 nol, Me5: ite powdery precipitate;
Rf- 0.4Q (silica, 50%ether in hexanes; [a] 25D: +42.9 (c= 1, C6H6); IR
(film Vomax 2943, 1746, 1700; 1H 25 INVR{486—M+, CDCI3) 6 4.00-3.96 (m
214), 3.95-3.86 (m 2H), 3.74 (s, 3H), 3.23 (d, 1H, J= 13.2 Hz), 2.50-2.42
(m 3H) 2. Qixyde P2 soionbetond 8 ZD-g18.5OmElrin eBid)30 n:i_l)B@iriatezlsmbﬂﬂl“umlﬁl}ﬂ}’“ie 21 (s,
13C N Qanthe'h danbhed Qfth sgdmrﬁﬁcalboneﬁé 9
52 0 43.7. %@f%llq%wzﬂ'he%%ﬁ)ﬂasgnggﬁtﬁcfgrj :Ll _nmﬂl\%t . 9
15H2205 (M K&yn) gdsvaesBg mik oﬂﬁ&“’s‘ti%“’i%%’kt’e ’"?4 T"ﬁ%ﬂ“ 350%° @?6 001 73253
PCTI USOQis 132§ @atkd. F¢ yrects layér wo baradtarvith fthk € o8 atle Theorgaric frygys wete @2binedpt ) i n
HVPA (50 m )08 M, gg%%cé(“r:;teh SO ShjdiRd 1 i@l (s(1i0a, T30 ctilr DBGammty . Af t er
stirring for 3 h at C, the resulting yellow brown reaction m xtyre was
quenched Wi ttfore likyoe B dhyI6 mmest. RYP). St wite sglish; R=R465 (sghic 8¢ ABYr » Nggesys heH
reaction al HM@Q &R, %bbfg 5‘6@(9‘3&-15 h@@éllﬁg Nsat 22116, 130840 @S WHY,IING s,
white-yell ow'm ?ure was en poured Into a separatory funnel containing
i ce-wat er. (28§ 10-).01 (SﬁtmrHIMBHméﬁQjﬁMbtlﬁ%lMﬂaﬁ@Fé) ('5(5 3@13)75 Satveh Btk (200

m). After the |layers were _separa g ed with
et her (320 288 %37 57He: %"hﬁ?‘% S’fg‘?’glpﬂ’el?ga H@t %agzg{or Hrzé %? %%:I %\Q})S

MySO4, concewt.f¢as, efna Rndsosubj ected to chromat ography (silica, 10- 40% et her
in hexanes) to yield ester 6 (7.7 g, 0.024 nol, 95% . 6: yellowoil; Rp
0.45 (silica, 50% ether in hexanes); [a]25D: +26.3 (c= 1, C6H6); IR (film
vmax 2951, 1728, 1690, 1430, 1170; IH NWR (400 MHz, CDCI3) S 4.89 (dd, 2H,
J=22.8, 6.4 Hz), 3.93-3.91 (m 2H), 3.90-3.?4(m 2H), 3.69

25

30
Alkene 10. A solution of atkyne 9 (0.50 g, 1.9 mmol) in 1, 4 dioxane (20 mI) and pyridine {2 ml) was

treated with Lindlar’s catalyst {100 mg). The mixture was hydrogenated under pressure (30 lbsfin?) for

7 min. The reaction mixture was then diluted with ether (10 ml), filtered through a pad of celite, and

37-



(s, 3H), 3.40 (s, 3H), 2.72-2.68 (m 1H), 2.24 (bs, 2H), 1.8Q-Gutd?s btz 4H)
1.37-1.15 (m 2H), 0.960 (s, 20 3H), 0.95-0.80 (m 2H); 13C NVR (100 Mz,

CDhCl 3) 5 167.8, 150.5, 1 15.8, 112.1, 93.0, 65.2, 65.1, 56.3, 51.3, 40.7,
40.3, 30.3, 26.4, 23.6, 22.9, 22.3, 13.9; HRVS, calcd P];CCNIJ ﬁ;ﬁ%% (I\/H\la+)
349. 1622, folRAYB¥3 1621. 25 30 Acetal 7. A solution of 1ithium (1.1 g,
0.17 m)l") in |IC|UId ammonia (400 m) at -78 C was treated dropwise with a
sol ution of ter Q9 4 M, estlhd to affdAEalRh B
reaction m‘W g %’%eqz\‘d? rmég'?)lgp%/%v%%ft%%% PC%'QI'(}’S%SSOOMBZOZ was_al | owed
to warm and(o.%grl samdl, @6 4oL %0: (:018858©)| HOWMB GO Hz. CPRE) § &Ed. o1 AP Eule was

t hen cool ed I e bl eXE£E5Sm, agonet hane
(15 m, 0. 2% 4n(DI ?%'F%éaﬂg ilioaﬂﬂ(rgwﬁ Q9¥1§Hﬁ{rﬂrﬁf") e\g\ga )omedﬁf(o ??lr at
reflux (- 33(5(§)H)Jldﬁ’ 00 . 25)‘?%%(5’@%1 ch tinme the reaction was warmed in a

wat er bagh (50 C) with stirring for 1 h, allow ng the anmonia to evaporate.
The reaction m xture was 5 quenc-%eel—w—t—h-——wa-tﬂr (100 rn!), sodium

bi carbonate (100 m ), and ether (200 m ) gAd| poured into a separatory
funnel. After the | ayers were separated? thelaqueous | ayer was extracted
with ether (3 x 200 m ). The cofrbi npd ¢ real extracts were dried over
MySH, concentrated, and subject¢d t OGN

in hexanes) to yi el d acetal 7 (441 x'“O 14imol, 61%. 7: seni -

crystall |°ne yellow oil; Rp 0.80 NPi% ! 5004 et her in hexanes); [a] 25D:
+16.9 (c=10, C6H6); IR 10 (film Lvimx 3534 728, 1466, 1379, 1283, 1125,
942; 1 H NWMR (400 MHz, CDC13) S 3.95-3.80 (m 4H), 3,64 (s, 3H), 2.17-2.15

(in, 1H), 1.84-1.37 (m | IH, 1.16 (s, 3H), 1.05-1.00 (in,. 0.87 (s,
3H): 13C NMR (100 Mz, CDCL 177.7 112 44,0,
43. 7, 38.1, Digge 1. Agyglugon of dkege 202%484&131@“? in "fﬁf“’"?%%ﬂéﬂé%m’giz fWSF“eéte‘i6H2604

(M-HE) 283, 100 8oror OMIREd288atE O0M, 7.9rEn@enkee caviogmixresies rafiuxestpt 8%“0 Cecthal 7
(4.19, 0.0 errgalal)ng tl@ rJHﬁn(.vﬁpquEHcl)edWﬁ 1l g @dalWG'ﬁ‘xﬁot) MhdHicd mldﬂhﬁpw; ®ered

15 t hi
| ayor ehr omobraE S whsats s R my R Fee A PO AT R hOT R B T LT

t he starti ngawatdayeratas ditsapipétete. G THE pRsThetTaye BB RG ‘i&’F‘B‘"Wa r“zﬂéﬁﬂ‘ ed into

a separ at or WyfsoRnelcedtaid, ldRivgedna titsmafckAphydifes, andthetihieran¢s] ©Qfforil fliencAt t er t he
| ayers were separated, the aqueous Ia%/ér was extracted with 12}}%}\2% {03 x 100
M ). The2tortbited. emnbPEA) llecﬂo#ea%?! P& @hiraetPoser geesy: EONMEBATY at ed,

and subj ect gyt epelly PEB.LBN@PNY, {Bid,i1aRs5.258Q4,30%6-ab hEE), 4.91 (4, 1H, J=12.8 Hz),
3.64 (s, 3H), 2.22-2.12 (m, 2H), 2.10-1.94 (m, 2H) 1.92-1.67 (m, 3H), 1.60-1.44 (m, 3H), 1.378 (4, 1K,
T=13.6), 1.21 (s, 1H), 1.19- 1.00 (m, 2H), 0.86 (s, 3H); }3C NMR (100 MHz, CDCl3) 8 177.7, 146.7,
136.1, 121.9, 113.3, 53.0, 51.2, 43.9, 38.0, 37.9, 37.4, 28.5, 27.8,20.5, 19.5, 18.3.
25

30
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in hexanes) to yield ketone 8 (3.3 g, 0.014 nol, 95%. 8: V\A‘lllt(g‘c&%{% (50%
Rf 0.70 (silica, 50% ether in hexanes); [a]25D. +3.5 (c=1 ?
(film vmax 2943, 1728, 1449, 1239, 1143, 1095, 985; 30 1H NWR (400 NPE
CDC13) 5 3.62 (s, . 3H), 2.55-2.45 (m 1H). 2.92-1.95 ( 816(m
oH), 1.50- 1¥P%HRP 4H), 1.14 (s, 3H), 0.98-0.96 (m 11" "”é’é

NVR (100 MHz, CDCl13) S -36 | October 2003 WO 00/73253 PCTYU800113202
214.8, 177. 5 7y fas 22. 8,
165, 17, 0; AR 1 et he s ARy st SR man b 0 O
10 Al kene Ostirgd @oﬁmtaitéh “QEndRigtegangiops e oo mEARTY VPR B BT ) was
treated w tll’éddcédt Freseia, acrd Mbdedﬁoduc(t@‘taél@-!bgpt&?dl@ aroiktparapin ésilica al®t20Grethwas stirred
at 25 C for ane %@ﬁorﬁ Q]@&y&b‘%ﬁé"ﬁd ((W.) kbﬂﬁ)%o“%@d)@%@ﬁﬂr@%ﬁdtas(c@@ndﬂ() 1and

wat er (30 rT\ i}

e mxture was tor { he

| ayers were# 15““%‘;%3&136““1% Egﬁ%’ T Qts?f“ '\?\aiagp/gﬁt T Al 1¥a>.za.%' t?}hwé1 her (3 x
50 nl). The, or gan| Golsay&d $4sWaES, ﬂ@mlﬁnﬁﬁiﬁ (40@1;01H2d:m;1)891vg§®4),5mmc&m rat ed,
and subj ect g8t 0 chromat ogr aph ca, 10- SO(V |]n2R)ﬁe>é e %
af ford al kyhé2 6. 1. 2P8g,25 e - I%%‘HSQW\}VP\% &“b 9(8 ) g]S ?SI i ca, 50%
sther I Qohemnﬁ LA (114600 m}?, 0BG, 3, S0, 64»092 (s34, 1%2. ;5’8 L(H(sz 11E)D ,

In m
0.81 (s, 3HPDC'§?3€F3%9R‘7(7170693 Sggﬁéﬂ é@ T?‘%‘“Jé? &3 333 s3igl %811 %508 515 50,5,
20 43.9,.,52 B ,+§6.3 230.5.C6B: By (Fld). vinax 52415293608, cal cd
f or C16I-}£40§§ ﬁ/ﬁfgﬁfg? B 3% ]§?Bf e T o a0 A
sol ution of 1&1}(1;23&31952( @Hng(ftOOlMEz, GRE13) 59%i6A (s11H)45.4F (orx Bive3-§620 3H P-24Ad0
pyridine (2 ,@%§ 8 R@Ol gt b4 (o 8'2'38'1%1@&18‘5@ Y@hisl@pzmg) 57-TvQmii Xt ure
was hydroge unde pre sure (3 s/1n2 The reaction
m xture was 1Hpers ¢i Lt eth (i h 1613NeﬁHX .87 hHH) 119 FMMEJP%W’@GBF(U&S B of
celite, and 735 1%740%%13% 2093704804073 253 1 P E7k UaQ031:3208 swashediow, t h
ether (2 x ) e so vent was evapor at ed under reduced pressure to
afford alkerl26:187. (0.48 g, 1.8 nmol, 95%. 10: colorless oil; 1H NWR (400
MHzZ, CDC13) 5 6.58 (dd, 1H), 5.39 (d, 1H), b5.14 (d, 1H), 3.64 (s, 3H),

]2_ ]2_8 2.11 (m ZH}he p:l'efgl:éa Jwaﬁ@ &my il didscerebm&ik aﬁd‘éhyd%H} to chduee thbm Akth(s6iud H) ,

13C

borohydride in MeOH and separate the alcohols. The major compound (top diastereomer) can then be

oxidized to the desired aldehyde 12 upon treatment with Dess-Martin periodinane.

20

25

Alkene 13 (TTL3). A solution of (methyl)-triphenyl-phosphonium bromide (357 mg, 1.0 mmol) in
THF (40 ml) was treated with 1M NaHMDS in THF (0.86 ml, 0.86 mmol). The resulting yellow
30  mixture was allowed to stir at 25 °C for 30 min. After this time, a solution of aldehyde 12 (91 mg, 0.29
mmol) in THF (10 m1) was added to the reaction via cannula. The reaction mixture was stirred at 25 °C
for 8 hours and then quenched with sodium bicarbonate (30 mf) and water (20 ml). The mixture was

poured into a separatory funnel containing ether (50 ml). After separating the layers, the aqueous layer
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(s, 3H), 1.17-0.90 (m 2H), 0.89 (s, 3H). 5 10 Diene 11. A sqldi]
al kene 10 (0.48 g, 1.8 mol) in benzene (80 m ) and THE (20 m(%&(%/‘\'gfs]z@r%at ed

15 with boron trifluoride etherate (1 m, 7.9 nmol), and the reaction
m xture was refluxed at 100 C for 5 h. After cooling, the reaction was
quenched wi t YW 'REOH (1 M, 26 mml) and the mixture FERUSBERd into a
separatory funnel containing water (100 m) and ether (100 ml). After

separating the |ayers, the. aqguequs_|ayer was extracted with ether (3 x 100
n). The or ‘g"%?n?xga%ay“e'?’seﬂ\?\b e’ ggﬁg}f nel, ‘}i%ﬁ“’ic [ TR Y °°W/Ei§%4§j”eﬂd’ﬁi9e'ﬁ%%0ét ed, and
subj ect ed t enddnsednmd ©jeced imehfoshtbgrgpay (s8i%h Etvh@lier in hexhex and) atkeneas {ang, di ene

ciher 1 noVaRey i Rt Xt S UeBer i T et 1 R 20

1H), 5.253 CHCI3LB5.9¢, 1RI-2618z)1,6 He), 950 (nd,1 HIL K98 O 2H)23.& (Hia)), 2.282.64(n(, sH), 3H) ,

D 37738 (o P Byt B o P g RS0 0 0l By PP 4T )

13C NVR ( 106, Wizl 04COSIBR P.9@(s, BHY. PC NIMIS (170 MHL.3BCL) §102.9,.199.1, 143K, 317.58110, 51. 2,

43.9, 38.0, . - . .2, s . 38 1 Cctober
3903’ v 00) LR é%ﬁ%éé%f@%&%gﬁ-&éﬁ%ﬁ-“éa As 27 2388 i L oo
(0.5 mM, 5.2 nmol) and diene 11 (0.1 g, 0.40 mmol) was stirred for 8 h at
25 C under neat conditions. The egctess Tetiiacral ein was then renoved under
reduced ;pgressure. The crude produf g ed to chromat ography
(silica, 10-20% ether in hexanes dehydes 12 and 12* (0.13 g,
0.40 mmol, 100% as a m xture of (3:154:1ratio at C13). 12
and 12*: colorless oil: Rf 0.55 ( her in hexanes); 12: IR
(film vmax 3441, 2936, 1726, 14 : 1H NWMR (400 MHz. CDC13)
59.70 (s, 1H), 5.58 (in, 1H, 3. 2.38-2.25 (m 1H), 2.21-2.18
(m IH, 2.17-1.98 (in, 4H), 1.96L Lm .4 1.61-1.58 (m 1H),
1.57-1.43 (m 2H),1.40-1.23 (m 1H), 1.17 (s, 3H), 1.04 (s, 3H, 0.92 (s,
3H); 13C (100 MHz, CDC13) b 207.6, 177.7, 148.3, 188.6, 51.3, 47.8, 47.0,

O) OT Ul L

44.2, 41.2, ,39. 8 , 4 229 1022 5 21 20.6, 20.5,
19.7; 12*: f\g‘iggﬁ?ﬁﬁgﬁgﬁﬁg’i05;%%??&96@2)@- Pfé;'ﬁ'?'? '"rr%j'”\‘/erréﬁg“g‘ﬁ‘if'f?zoz‘ﬁé”?g 1726,
1451, 1233, Teeed yith Rifr RR"E4dormolz. Theorpssiay mixjgre gas refluxed jap80 Ofor@xagsmAfier)) . 3. 66

(s, 3H), .2. 20 dbOn, tifenpactibhlvas Al@@with Ber(30 midlddh extchet@bvith cthidr (§ RBD mBH)The
113 (5,0 o b e, o b R vt el oy o
(silica, 30% ether in hexanes) to afford carboxylic acid 14 (TTL1) (78 mg, 0.26 mmol,). 14: white
solid; Ry= 0.30 (silica, 30% ether in hexanes); TH NMR (400 MHz, CDCl3} § 5.96 (dd, 1H, J= 14.4,
9.6 Hz), 5.52 (m, 1H), 4.98-4.95 (m, 2H), 2.20-1.72 (m, 10H), 1.64-1.58 (m, 3H), 1.57-1.37 (m, 4H),
1.22 (s, 3H), 1.04 (s, 3H), 0.99 (s, 3H); 13¢ NMR (100 MHz, CDCI3) 5 182.9, 149.3, 143.9, 118.1,
25 111.9,47.5,44.2,41.3,41.2,38.9,38.0,37.6. 34.8,28.4,24.7, 23.0,22.4, 21.9, 20.3, 19.5.

Preparation of P]13P=14CH2.

Triphenylphosphine (0.16 g, 0.61 mmol) was added in a 15 m] reaction flask and dried
overnight under vacuum at 25 °C. To this flask was added 2 ml of THF (dried and degassed under

vacuumn), followed by 4CH1I (50 mCi, 53 mCi/mmol, 0.9 mmol) dissolved in 1 ml of THF and the

30 mixture was stirred for 24 hours under argon. ‘Potassium hexamethyldisilylamide (2.5 ml, 1.25 mmol,

0.5 M in toluene) was then added and the reddish-yellow mixiure was allowed to stirr for 3 h at 25 °C,



177.5, 147.4, 114.6, 55.8, 51.3, 47.3, 44.5, 40.7, 40.4, 38.4 c}gbémo%l 5
28.6, 25.0, 24.2, 21.9, 19.9, 15 19.6, 18.7. The preferred vvay to purif

the di astereoneric al dehydes is to reduce themw th sodium borohydride |n
MeOH and separate the al cohols. The major conpound (t reoner) can
then be oxiWPPIFt o the desired al dehyde 2 upon trea?errgﬁ%oafv%\n&fﬁh Dess- Martin
peri odi hane. 20 25 Al kene 13 (TTL3). A solution of

(methyl)-tri phenyl - phosphqgpi um brom de (357 ng, 1.0 nmol) in THE (40 m)
was- treated“ﬂwg-ﬁ%ﬂhﬁ—fm THE (0.86 m, 0.86 Mol ). The resulting

yel l ow 30 nipx kudteamivas wad dooltd -180C 3id treatet wiGldghyiol2 (EDmed0d. muf)tinfy THF s ti e,

a sol ution of gl qlhef},y,q&r

the reaction”vi‘a cannu he reac

hours and tbr*Fef‘?GVtﬁlﬁéch‘ﬁ‘éd“de‘%(@d‘d?u b‘?”ct‘é{

32 a(lgged EDyar slgvay tom )stn e fol kil ar(dlﬂenﬁﬂe)l vitltedimdded t o

f 8
%Sn%\ 1ac¥‘?§vdt§ n#hgr (?qcfﬁg'nl)tzﬂgd QCZOO::ﬂ )

The m xtur eorydis Iaqus)wrednmbmtct) diged st Me8@w0 Fypdfrerd el SiSFELP i f’fb"‘“@faﬁ'éfrm’?rSO m).

After separatin
00/ 73253 P |°t)§ was extracted wt
| ayers were conbined. dried with MySO4,

ﬁ ?Ldaé(]%f:'ﬁhexglngtcﬂqugﬁgfﬂéfellﬁyer -39 1 Cctober 2003 WO

h ether (3 x 50 m). The organic
condensed, and subjected to

chromat ography (silica, 10%ether in hexanes) to afford al kene 13 (84 ny,

0.28 mmol, 97% . 13: colorless p lica, 25% ether in hexanes);
13: 1HN|\/R(400M—Iz CDC13) S| 5. r 16.8, 11.6 Hz), 5.50 (m
IH), 4.98 (in, 2H), 3.62 (s, 3 in, 1H), 5 2.10-1.91 (in, 4H),
1.90-1.70 (m 4H), 1.69-1.51 (n 0-1.838 (m 3H), 1.36-1.24 (m
IH), 1.17 (s, 3H), 1.04 (s, 3 g7 3H)] 13C NWR (100 MHz, CDC13)
5177.9, 149.1, 143.8, 117.9, 111. .2, 47.7, 44.4, 41.4, 41.2, 38.9,
38.3, 37.7, 34.8, 30.4, 28.4. 24. 1, 22.3, 22.2, 20.6, 19.8. 10 15

Acid 14 (TTL1). A solution of alkene
sulfoxide (20 mM) was treated with LiBr

m xture vvasAr ef lfg(eg B 0%%95,1

was dil ut ed vvr

' 0.28 mol)
(121 ng 1.4 mol).

i n di met hyl
The reaction

of 911 70 HaYSumd, tphen8QOb7 ngdmn shdr®2' eact i on

The 20

and extracted with ether éﬁ? , Gf%
organic | ayeasos:slweutﬁoxmohﬁﬁfﬁé{d 4. mp.ep L imoh IVgEE (250 dBNTIFE B! o and® Ubj ect ed

to chromat o
14 (TTL1) (
i n hexanes) sodiypy A

m(alzrdfﬁ Rt !

L5 Q«* (h Zf]e‘ r%ﬁ io 31'91(&1@'[‘.@?500!&@ :31@9(6@%@) quE:rth'ﬂfvfuﬁl’adneGl&I’sﬁﬁrXtyd ic acid
l-'}‘he etgeﬂl%ljayeswzg. eétéact(:%\dfth ejl:t_%'rl etﬁe: %1?5

ﬁdfri %Qtect%ocyg et her

5. 52 (M 201 HyrieddMBB344, cObenfrater athegldue zrammmaﬁgzap(\qﬁ(sﬂlcg,ﬂ)-s % gthy 4thg_r nslgxacfi:hto 3H),
1.57-1.37 ( r;}forﬁmhohol 15 (1.35 g, 3.6 mmol, 85.7%); 15: colorless liquid; Rf= 0.5] (silica, 5% ethy] ether in

hexanes); [0]25D : +24.20 (c= 1.0, benzene); IR (film) vmax 2946.8, 1724.5, 1472.6, 14384, 1153.5,

740.0, 690.9; 'H NMR (500 MHz, CDCI3) & 7.20-7.60 (m, SH), 5.23 (d, 1H, J= 10.5 Hz), 5.12 (d, 15,
J= 10.0 Hz), 3.62 (s, 3H), 2.08-2.24 (m, 2H), 1.16-1.92 (m, 9H), 1.09 (s, 3H), 0.86-1.02 (m, 2H), 0.68

23

(s, 3H); 13C NMR (100 MHz, CDCl3) 3 177.8, 151.7, 133.9, 133.7, 128.8, 127.9, 118.2, 54.9, 53.5,

51.1,44.3,40.4, 38.1,37.3,28.7,27.7, 25.5,23.5, 19.5, 18.5.
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1.22 (s, 3H), 1.04 (s, 3H), 0.99 (s, 3H); 13C NMR (100 MHz, GIX13)er30k82- 9,
149. 3, 143.9, 118.1, 25 111.9, 47.5, 44.2, 41.3, 41.2, 38.9, 38.0, 37.6,
34.8.28.4, 24.7, 23.0, 22.4, 21.9, 20.3, 19.5. Preparation of Ph3P=14CH2.
Tri phenyl phog& ! {0 16 g, 0.61 mvol ) was added in a 15 m reaction flask
and dried gzﬁ under vacuumat 25 C. To this flabk"W8¥"* %ded 2 m of
THE (dried and degassed under vacuum), followed by 14CH3l (50 nCi, 53
nCi/mml, 0.9 mvl) dissolved in | nm of THE and the 30 mi xture was stirred
for- 24 hours under argon. Potassipm hexanet hghdi silytamde (2.5 m, 1.25
mmol, 0.5 Min toluene) was then|added and the reddi sh-yel |l ow m xture was
allowed to stirr for 3 h at 25 T.|-40 | N@c ober 2003 WO 00/ 73253
PCT/ US00/ 13202 Wttig reaction with 'o‘ ¥gH2| The above m xture was
cooled at -78 C and treated with gl del 2 (63 ng, 0.2 mml) in dry THE
(1.5 m)? The nmixture was al |l owed{to wal sIovay to 25 C, stirred for 8 h
and quenched with sodium bicar bo1afteezo( M@ m) and water (10 nil). The
m xture was extracted with ether {3 x 50 ml) and the 5 organic | ayers were
conbi ned, dried with MgSO4, condehsed afid subjiected to chromat ography over
silica gel (silica, 10%ether in hexanes) to afford al kene 13. 10 15
Al cohol 15. A solution of alkyne 9 (1.10 g, 4.2 mmol ), thiophenol (1.37 g,
12. 4 mmolo) dide &, 3o a scrziobbraicioadus yir0 8, 29 i) (vileBiMethd 4hdphagmidd(Hpam®l ) i n
xyl ene (25 : ~ zal ction
m xture was q‘10)) Edsérépysg%'o% }gngécﬁlgﬁ%zg\% T ﬁanggg)éﬁngginggtﬁ?egltﬁegn&& ?um
bi car bonate°@5®llmeér PSWeie@rljahﬁ@ nage rvasthey addett ledbfenﬁxwemhs sirkd/dt 168 Per (3 x
50 m), col r e

ELﬁSetr% bn)%&‘ lq HrsedTh(el\@§Qﬁ)lrilmﬁ'9 Qs &%lacﬁtexane d q@e%éhg#J?ttIi(\gq%aﬁu hohol

chromat ogr a I'ica, 2-
15 (1.35 g, S%“fﬁedrfﬁ%s‘rm bigasbomagg (50 B Teesrespie @g%f g giifnetpd widh etiod eherdd X6Qimik ca, 5%
et hyl etiser c@llactedhdﬂe@.wp;;) ahdifoR&srated 41@A4¢sB0e Was chrdmahgrappeh@Eidice)-5 % eEby( dthel M)  vimax

SN NS T N DT R

Hz), 3.62 (%ther%l'i)exan%) qaﬁsg Zﬂso((mw%H)enzeﬁle) 10 ¢kn)32,of B578H)726. 6114396(1378 33 H),
0.86-1.02 (m 2H), 0.68 25 (s, 3H); 13C NMVR (100 Mz, CDCi3) 5 177.8,

151. 7, 133. 94391?333477 1108, 1894.81 074.9 7391118H23M1340094H5@D@3) 8 720750 (m 4HB 6.4%10. 4,
38.1, 37.3, 5@% =124 1hy 6.563d,H, B34 Hz)l 970m, 18; Dea & 3851 2052 A0Sy WG Q07 73253

PCT/ USOO/ 1320
20 3H), 1.21 (s, 3H), 1.05 (m,1H), 0.88 (s, 3H), 13C NMR (125 MHz, CDCl3) $177.9, 133.7, 129.1, -

128.9, 128.6, 127.5, 126.2, 123.4, 120.9, 52.8, 51.1, 43.7, 37.7,37.3, 30.2, 28.3, 27.7, 20.1, 19.3, 18.3.

25

30
Aldehyde 17. To a solution of diene 16 (0.51 g, 1.43 mmol} and methacrolein (0.30 g, 4.30 mmol) in

dichloromethane (5 ml) at -20 ©C was added under argon dropwise tin {IV) chloride (0.29 ml of 1M

solution in dicliloromethane, 0.29 mmol). The resulting mixture was warmed to ¢ °C within 1 hr and

42



5 10 Diene 16. To a solution of alchohol 15 (1.10 g, 2.94 'dctcﬂﬁrzom
hexanmet hyl phosphoram de (HWPA, 10 nl) was added dropw se phosphorus
oxychloride (0.50 g, 3.3 nmmol) and the m xture was stirred at 25 oC until
clear. Pyridine (0.26m, 3.23 mml) was then added andp%dp fure was
stirred at 13 253’(under argon) for 18 hrs. The reaction m xture was

cooled t'o 25 oC and quenched with aqueous saturated sodi um bi car bonate (50

m ). The organic |ayer was extracted th eth et h
col | ect ed, ﬂVfF‘éﬂO(’@/éstﬁl) Téiﬁﬁ“&?i’rﬁ?éﬁ‘t"?%l‘lfde‘ﬂﬂ‘éﬂﬁé/“ﬁ ?éfa&egé"d\ﬂé‘fsb’cé%? {5 mlfaphed
(silica, 2-md%heatdayt lagdrhes extricred ik etine pthr 63 Y20 ohd Thi conbindi@rgagic BErgwere . 38

mmol , 81 /() d 1e%gMg§(21)Q£ol &ﬁéntl‘a'teglflhéjﬁesuﬁta 'wapcl'@@na(@ﬂa}l:lk@&hca':}ql’@—ei brydihy! ebdaed i n
hexanes) (c= 08, benzene

1726. 6, 158nex@ne) 1 Affgd @dehydlew%a125°4“"7°14?iéé?8* i%lﬂssgq‘%fﬁ_ﬁ4glég’°31]0/lH NVR

(500 MHz, CDC13) S 7.20- 3. 6 (d,
iH, J= 13 5¢ 2*‘6‘"5“ iaeh [‘]ﬁ m%”@fm(‘ 18 b%%i“e)(%{gﬂsnﬁzv’“é’z %”%8 iégﬁ% ”%93 (s,
20 3H) JM;(8§ . gélj) ,”4;805;454101;1]@)3;\4}& caﬁszi)sgsw)m)mmm (sm25 SMnIz,IH)CD013)
5177. 9, 135 5 128.9, 128.6, AT 3t 3

51.1, 43.7, 389 (73HR72823B0n 25HRBI B B, 105 GEH), 09195 é“) 1 %NM%”SGVI%H dehyde
17. To a SO'dﬂ)E:!g%ho@% 206 71 63600553, 1889, 127431 1Ml 3. sandh7methacreodssi. 38, 0. 30 g,
4.30 nmmol) in di chl or omet hane %5 n) at -20 oC was added under argon

dr opwi se ti Al1EPY: 228126914 1699 1% of IM sol ution in dichl oronet hane,
0.29 moig). The resulting m xture was war med to O oCwithin 1l hr and -42 )
Cct ober 2003 WO 00/ 73253 PCTI US +3262—stt+rredat 0 C for 18 h. The
reacti on was quenched with aqueoys saturated

Mod| um bi carbonate (15 nl)

and the organic | aver was extractijed with gthyk. ether (3 X 20 nil). The
conbi ned organic |layers were driled S :néH,oncentrated_and resi due
was chromat ographed (silica, 10-15 % Jder|in hexane) to afford
aldehyde1§7 (0.51 g, 1.19 mmol, §3. 7% ™™ colorless liquid; Rf= 0.48

(silica, "10%5 ethyl ether in hexaneg:)' Hc 125D | +30.0 (c= 1.13, benzene);
IR (filn vmax 2930.8, 2871.4, 17%4° 1458. 4, 1226. 4,1149.8; 1H NVR (500

MHz, CDC13)S 9.51 (s, IH), 7.20- 766 tmm—SH——557 (m IH, 3.65 (s, 3H),

1.20-2.32 (m 15H) 1.17 (S 3H),. 105 (S 3H), 0.91 (s. 3H): 13C NI\/R(125
MHz, CDC13) 5203. 177. 13 8.9 &g 1

51.3, 49.1, lﬁ?oh?l 13 4‘&0 ?soiu&in cg ald%y] 717 IT‘? nglio%én énﬁgﬁz %ls et%a.?gﬂéz mgévasgad 85 1.7,
20. 2, 1928, p’b&oﬁmse:bb)iuijborohydrlde (50 mg, 1.32 mmol) and the mixture was stirred for 30 min. Aqueous

saturated sodium bicarbonate (10 m1) was then added and the mixture was extracted with ethyl ether (3

x 20 ml). The organic layer was collected, dried (MgS5Q04) and concentrated, The residue was

redissolved in tetrahydrofuran (5 ml) and treated with excess of Raney Nickel under argon at 65 °C for

10 min. The reaction mixture was filtered, and the filtrate was dried (MgSO4) and concentrated, and

25  the residue was chromatographed (silica, 2-5 % ethyl ether in hexane) to afford alcohol 18 as a major

compound (0.21 g, 0.65 mmol, overall yield 56.1%. Note: the overall yield for the above two reactions

is 91%); 18: colorless liquid; Ry = 0.39 (silica, 30% ethy! ether in hexanes); [o]25p : -6.70 (c= 1.0,

benzene); IR (film) vimax 3436.8, 2929.0, 28722, 1728.1, 1433.9, 1260.6, 1029.7, 801.6; TH NMR
(500 MHz, CDCI3) 8 5.37 (m, 1H), 3.62 (s, 3H), 2.28 (bs, 1H), 2.06-2.20 (m, 2H), 1.20-2.00 (m, 12H),

30 1.16 (s, 3H), 0.99 (m, 1H), 0.86 (s, 3H), 0.84 (s, 3H), 13C NMR (125 MHz, CDCl3) §178.2, 150.4,
116.4,73.6, 51.2, 47.9, 44.2, 41.9, 38.8, 38.2,34.3,33.9, 28.3, 28.2, 27.8, 22.1, 20.3, 20.1, 18.9.
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Al cohol 18. To a solution of aldehyde 17 (0.50 g, 1.17 mmi) @kt@dgpyw@us
ethanol (5 m) was added 20 portionw se sodi um borohydri de 8 1.32
mol ) and the m xture was stirred for 30 min. Aqueous saturat ed SOdI um

bi carbonate (10 rri , Was t hen added and the m xture was d with ethyl
ether (3 EY? > The or ganic layer was collected, dr;cﬁﬁfgﬁo?}%gm) and
concent rat ed The reS| due was redissolved in tetral rydrofuran (5 m) and
treated with excess of Raney N ckel under argon at 65 C for 10 min. The
reaction mxture was filtered, and the filtrate was dried (MgSO4) and
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that exhibit a variety of cellular pathways and sensitivities. The data obtained from these in vitro
toxicity studies may be extended to animal models, including accepted animal model studies and
25 human clinical trials, to determine toxicity, efficacy, and selectivity of the candidate modulator.

The present invention also encompasses the compositions, produced by the methods of the
invention, in pharmaceutical compositions comprising a pharmaceutically acceptable carrier prepared
for storage and subsequent administration, which have a pharmaceutically effective amount of the
products disclosed above in a pharmaceutically acceptable carrier or diluent. Acceptable carriers or

30  diluents for therapeutic use are well known in the pharmaceutical art, and are described, for example, in
Remington's Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1983). Preservatives,

stabilizers, dyes and even flavoring agents may be provided in the pharmaceutical composition. For
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species treated, the particular compounds employed, and the specific use for which these compounds
are employed. The determination of effective dosage levels, that is the dosage levels necessary to
achieve the desired result, can be accomplished by one skilled in the art using routine pharmacological
30  methods. Typically, human clinical applications of products are commenced at lower dosage levels,
with dosage leve] being increased until the desired effect is achieved. Alternatively, acceptable in vitro
studies can be used to establish useful doses and routes of administration of the compositions identified

by the present methods using established pharmacological methods.
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conpar able t sScusse above my be used i n veteri nary I'TEdI CI ne.
25  well as intrathecal, direct intraventricular, mtravenous intraperitoneal, intranasal, “or intraccular

injections.
For injection, the agents of the invention may be formulated in aqueous solutions, preferably in

physiologicaily compatible buffers such as Hanks' solution, Ringer's solution, or physiological saline
buffer. For such transmucosal administration, penetrants approptiate to the barrier to be permeated are
36 used in the formulation. Such penetrants are generally known in the art. Use of pharmaceutically
acceptable carriers to formulate the compounds herein disclosed for the practice of the invention into
dosages suitable for systemic administration is within the scope of the invention. With proper choice of
carrier and suitable manufacturing practice, the compositions of the present invention, in particular,

those formulated as solutions, may be administered parenterally, such as by intravenous injection. The
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oils such as sesame oil, or other organic oils such as soybean, grapefruit or almond oils, or synthetic

fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may

contain substances which increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers or

30  agents that increase the solubility of the compounds to allow for the preparation of highly concentrated
solutions.

Pharmaceutical preparations for oral use can be obtained by combining the active compounds

with solid excipient, optionally grinding a resulting mixture, and processing the mixture of granules,

after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are, in
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animal model, such as mice, rats, rabbits, or monkeys, may be determined using known methods. The
efficacy of a particular compound of the presemt invention may be established using several art
recognized methods, such as in vitre methods, animal models, or human clinical trials. Art-recognized
30 in vitro models exist for nearly every class of condition, including the conditions abated by the present
invention, including cancer, cardipvascular disease, and various immune disfunction. Similarly,
acceptable animal models may be used to establish efficacy of chemicals to treat such conditions.

When selecting a model to determine efficacy, the skilled artisan can be guided by the state of the art to
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To formulate the compound of Formula (1I), the compound of Formula (I1A), or the compound
of Formula (I1IB), as a tumor-growth-inhibiting or anti-viral compound, known surface active agents,
30  excipients, smoothing agents, suspension agents and pharmaceutically acceptable film-forming
' substances and coating assistants, and the like may be used. Preferably alcohols, esters, sulfated
aliphatic alcohols, and the like may be used as surface active agents; sucrose, glucose, lactose, starch,
crysiallized cellulose, mannitol, light anhydrous silicate, magnesium aluminate, magnesium

methasilicate aluminate, synthetic aluminum silicate, calcium carbonate, sodium acid carbonate,
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car bonat e, -Boien SW@htrinReFitiPONY bp\OeHOH T8 2532cRE TP ISASLhBR@histration. Acceptable

carriers or diluents for therapeutic use are well known in the pharmaceutical art, and are described, for
example, in Remington’s Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1985).
For example, such compositions may be formulated and used as tablets, capsules or solutions for oral
30 administration; suppositories for rectal or vaginal administration; sterile solutions or suspensions for
injectable administration. Injectables can be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution or suspension in liquid prior to injection, or as
emulsions. Suitable excipients include, but are not limited to, saline, dextrose, mannitol, lactose,

lecithin, albumin, sodium glutamate, cysteine hydrochloride, and the like. In addition, if desired, the
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Rem ngt on' s Pharmaceuti cal Sci ences, ENasteLERIbl i shing Co. (A.R GCennaro

edit. 1985). Forye )ﬁ%nl} %’exaﬁ-lglgp ard %@;9% tllllﬁﬂ:ﬁe gﬁ&ﬁ@%éféﬂ’émh%ﬁr@n@%@ tused as

tabl ets, capsul es or trons for oral i.stration peofo%v;thgrl es
for rectdf oveplayi EI‘ﬁ‘éF‘“" aﬁfrﬁei"ﬂt torlimititheseppe g’:tpécfl‘?ci ‘?5‘ gn RiixY gﬁé“"f)’]m% hls pensi ons for
i nj ect abl e adaimpeéss bpealidaiynExamplp ¢t dixloagrate ARt krerefsnetyaceniobnds ebHY efsseofial
forms, eit heEom@&th o%hﬂid ﬁé?éiﬂflﬁab@da@n syrﬂfcs@:ﬂsmﬂﬁlbs@:‘ﬁ xR i chahiREIAB celibvitiabl e f or
sol ution or grlélsirgeal?asclce%tgbl!: prylrelmnrary modeR ¥or Puman effi cac} ang fe?yntrea ed wf?h increasing doses of

the compound of Formula (), as synthesized in Example 1, and compounds of Formula (IIB), as herein

30  designated TTL] through TTL4, as synthesized in accordance with the processes of Example 1, and,
more particularly, as in Examples 2-5, at concentrations as high as 10ug/ml showed similar viability
compared to untreated controls indicating that the inhibitory effects of the evaluated compounds on

TNF-o synthesis were not mediated by a direct cytotoxic effect.
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emul sions. Suitable excipients include, but are not limted {q, salbng
dextrose, mannitol, lactose, lecithin, albumn, sodium glutanmate,” Cysteine
hydrochl ori de, and the like. In addition, if deS|red the -51 1 Cctober
2003 WO 00/ 7 / US00113202 |njectable phar maceut i sitions may
contain nlnogagﬁggggs of nontoxic auxiliary substances$e+sﬁgﬁﬂgs wetting
agents, pH buffering agents, and the like. If desired, absorption enhancing

preparations ( fQer?e m1li@s w:lh Cg%%%él‘)‘)d co%%n@%f llﬂc; ’n e'n@o%(éemc;l;gﬁ:ted that TTL1

phar maceuti cal | ecti1ve anmpunt 03| t1o ose
wi |l depend eH’r’P‘fedSaPP‘I’?e““F‘B'éit‘ee gy f%%%ﬁafﬁ §°t‘ Y Ht “’d t“hBHEt 3@%TI‘§%P‘%§? Igl ng
treated, andrtFERMUbYS (T al intibigraTiRee st lLelssvmﬁests h&TL3 piich Lontiranh reditioprider
consi der at i pelnlrln'ﬁodﬁﬂ?l%n %B!tgeapgr@!ﬁa@erye]‘é() E:Qes@t%ﬂérgé{ﬁitﬁhﬂqiﬁ.[ elgxs %Jo%g o but

will de en on suc actors as \we and
Ot hor 1 o omele i TF RGBT ST e T SENGPTS FE RS e he

products or sgampesitions of the invention, as described above, may be used
alone or in 10 conbination with oneggmgbiwes, or in combination with other
E)Iher ﬁp\e/:'l: :_g O[rhgl 32”?5%{&3903%1931 évnthe-:rg% Eom Qun sdolflﬁon ul e alp 11 tl lized in vivo

admi ni stration wirke firss gresposgleqsienniirgis apernPe e obkpemulid) 1‘@?1?3%%0%‘1'?‘}?% Oyrr eat ed,
the part e ul htn-GOPROLPES fronﬁl(mhﬁl:}’a‘adl\d:e%’ddketohe(lmeébl Higue: 18S endfcalfs updni Clhicli-hese

conposi tion zﬂﬁetr %grq)g)d?tio%l ?a@f?on%r thg@& o2 t%g of ;II-Q%I dm%f uq'ﬁe Qéscri%eéj%ﬁeslsn the

managenent or articu di sorder w vary w 5 t he
severity 15 g#fimppge EensEr ePoT T’ F edreten e ﬁffef'ef%émwa*afe""&w ored el
admi ni st r at | @Biplogicutly stepatieipanes. on' t he di sease conditions and their

severity, the coRpasibiRBS:BHno %&ex mee,:aﬁmakal PMRALESR dmomhrﬁmwoag ed and
adm ni stered either E%St em A vari

formul at fon SH&enbifiohR ety b E‘iﬂ‘l" ”’B’éﬁ’faéﬁﬁa'c SHRE: r?f‘{%taéeﬁ“eéy fg’rhrg . é@ut i cal
Sci ences, 18mfdiggtes. (MadidindPBt & meg?d@wtheam DAy, LPR¢-: Metzgg0)) Eds2 BIRAres.0us
references, M]‘:Gg@ QIlA Qﬂs’mno@ﬂ dofpatiemtissuay 6f il ph:ﬁﬂacﬂeél@llﬁacn@x&ab@ ofapit Bt

tted b | a f I t
E::: renby ?nCO?IIB d} ng Cam%ﬁ/and c -wor erss Ew{.l%olgedeagg E&mturglgpch!ugc?e lLe(a Q%OE)(R%BE%S%QT?’I i's

fol | owi ng exmvteewezrhenwémamb%c 399 G- r@r’ﬂé‘”’é d@é”i fqhéng’ BT%‘f Vrryg Lipdi ment s
of the 25 i nmemntipasns:, ao3ol1@6 b IOhe, MBENKIn, ¢ .-Hi; Dtet Citha.es dop&haf L;Pyot Bek.i on

aff orded by &J?zﬁzam%%tm@ﬁ 170M8259L [ PR, semrgmez@ LeSRECH LRI h%/aﬁmrml e

1-8, denonstra resent ative compounds of the cl'asses o corrpounds

descri bed heMeddrralarmEef 's3Phtiesi zed. Exanpl es 9-17 exhibit, in manmalian
cells which From the biosynthesis standpoint, 101 belongs to a rather large family of plmaradiene

diterpenes, which may be best represented by pimaric acid {102). (Ruzicka, L.; Sternbach, L.; J. 4m.
25  Chem. Soc. 1948, 70, 2081-2085; Ireland, R. E.; Schiess, P. W. Tetrahedron Lett. 1960, 25, 37-43;
Wenkert, E.; Buckwalter, B. L. J. Am. Chem. Soc. 1972, 94, 4367-4372; Wenkert, E.; Chamberlin, J.
W. J. Am. Chem. Soc. 1959, 81, 688-693). The structure of the compound of Formula (I) is
distinguished by an uncommon connectivity across the rigid tricyclic core, which may be held
accountable for its pharmacological profile. Indeed, the recent isolation of this compound has allowed
30  studies into its biological activity and verified its medicinal potential. (Kang, H.-S.; Kim, Y.-H.; Lee,
C.-S.; Lee, 1-1,; Choi, 1; Pyun, K.-H. Cellular Immunol. 1996, 170, 212-221; Kang, H.-5.; Song, H.
K.; Lee, J.-).; Pyun, K.-H.; Choi, 1. Mediators Inflamm. 1998, 7, 257-259)). More specifically,
acanthoic acid was found to exhibit promising anti-inflammatory and antifibrotic activities that

presumably arise by inhibiting the production of the pro-inflammatory cytokines: tumor necrosis factor-
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treated with increasing doses of the conpound of Formula (1),

synt hesi zed i-n Exanpl e 1, and conpounds of Forrmula (I11B), as herel n 30
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Synt hesi s of CoFFb’éd‘Wbbét“’BfwaIE&?W rat'O" ?F'ﬁendemda " filtfklufﬁsgé i rsg’? g‘idgr%!é\sge ective
synt hesi s ofondiitinp ehe nglododtiorof Hué ar (FII)*/ has’fetveﬂﬂm@fdowrﬂaw gfesttd. Gy additip,

synt heti,¢ p+ca{&,oﬂie£@r&é @M Ge doaW 8handt Mrashtlionkah aied kal &y W gure
18, and calls upon a der cycloaddition reaction for the

constructi oﬁ‘P?S'F"e'L‘tﬁ%e’fE’"F?Wé“‘%f‘“dﬁi The described synthesis confirns the
proposed st er eodhesimbingtipn of undeimor Firgeture AHPSEEHENG PAHMEPIPRite] %?H‘t“yéﬁfl?ﬁd Phto an
unexpl or ed gdlaﬁgmpt@fusb(bgkt@lgn gidlsyyheRCthaves, S t:-efn@,emez whinen, I ot.; biap.KT.0f

Acant hopana@r k‘gr%lﬁn’% Ch(em 1%8' 9?%%3)6775615515 ?SA %brﬂ@odua@; EJROWS in

15 The Repu fiaona a toni G riin sedat i ve,
and as dsr eswsdy Grer. It hf‘é’uﬁ'ﬁ{ |'959Pn33 éﬂ‘ﬁ’ 9P ‘aE?é'E'%";“m”?'(‘T\/@H’l"é'r"“rll'él’mpﬂ“’&h‘f"ga 8f*East and
Sout heast AshiglexalBE piovidds. a sidkepsehvitivg gal synthesiskdl$-) pealtholc Rideosé the c@apvbrds dfje, MA

a? d ¢ ho n d]? n, | Form 0 91%9@1) andnastsl I;n E%LLrH)%X 2 (afprcgvhl@s ROREIBCR el ei:éfof aetdnpBuRXt ract s
(0] 1S

un and _co- wor kers %’3 i sol at ed aggo structurally
characteri zéﬁf%“%{}@ T’Eﬁ ‘f"é‘?‘ﬁ‘éf’rllsé confifshe stipgtired é°§1ﬁ S RERES  Beant hoi ¢
acid (101). ((a)ThKrempsybetithtrptegSharags acBitho®; acid Baltvitepted in Rigure 20. T ringef 1% od.
1988 5]2’0 1%&%19«9@@1{) b@ Qanstl@@t@cgby J'blé@A]deﬂ‘gym:adcy t:dn"rkactxoh&ﬁareb@revecalmg digephild . - J.
CH:h S, | Song¥o3ﬁnd 3 aplg_rl‘)_pélétg?!ﬁubstljuted d||5r>1/ sucr:L aR'l(MFFs iénssa%ouppﬂgfarilhewég ;.' OPp(o&Zr %%Pg

ors
1998, 7, 25TomseRensiEOmTHeishies ?nMrFéim%fOﬁ HrfiiRsreaton Pregst 198&%?1%?3 ¥ a
rat her | ar geaft@dfintcyduk bk thEEnSdtlirAitieat the C9-C11 bond and the desired stereochemistry at the C8

and C13 carbons, permitting a convenient branch point between the syntheses of the compounds of

25 Foﬁula {I1) and the compounds of Formula (IIB). Diene 104 could be produced by functionalization
of ketone 105, whose C4 quaternary center was projected to be formed by a stereocontrolled alkylation
of P-ketoester 107. This analysis suggested the use of (-} Wieland-Miesher ketone 107 as a putative
starting material. Application of such a plan to the synthesis of acanthoic acid is depicted in Figures 21
and 23, as Schemes 5 and 6. All compounds exhibited satisfactory spectral and analytical data.

30 The synthesis began with optically pure enone 107, which was readily available through a D-
proline-mediated asymmetric Robinson annulation (75-80% yield, »95% ¢€). See Buchschacher, P.;
Fuerst, A.; Gutzwiller, J. Org. Synth, Coll. Vol. VII 1990, 368-3372.). Selective ketalization of the C9
ketone group of 107, followed by reductive alkylation across the enone functionality with methy}

cyanoformate afforded ketoester 106 in 50% overall yield. See Crabtree, 8. R; Mander, L. N.; Sethi, P.
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di terpenes, which may be best represented by pimaric acid (1 acto cka
L.; Sternbach, L.; J. Am 25 Chem Soc. 1948, 70, 2081-2085;

E.; Schiess, P. W Tetrahedron Lett. 1960, 25, 37-43; Wnkert, E. ;

Buckwal ter, Any. Chem Soc. 1972, 94, 4367-4 c?n Wel%grt E.;
Chanberl i n, ?Oﬂbfwg . Am Chem Soc. 1959, 81, 688-693 The structure of
the conmpound of Formula (1) is distinguished by an uncommn connectivity
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Aggar walip Bless hideréd,eqoritisiian  Cyt oki nes: Their Role in Disease and Ther apy;

Bl ackwel | Sci €NGLy, tlLerb%yclic um.sat'ﬁand tlJeQ:gl‘Ll_hﬂ wIﬂQﬁsQﬂ:ted Rrtie C-Mgrvﬁs fSlniél Sia a Diels-
Cyt oki nes; Acadeni c Press urzr

Cyt oki nes. é'dF’ﬁfaé‘I“'l“(?ffR’Feﬁ§‘e$?‘1°6°'°ﬂaeo “JF\%' e"am'ﬂe l[:<gur7<’r u"mlé theﬁulmr’comapmrlglfﬁrl shers:
U.S. A, 199%4. Srekatnesrf 108 was Kiizied wml an EEfd catr(xmkéqprowswn [of the SP ketelto}10. R M -
aini Cal Phayiigra el alkﬂl&%g ofitge RBduling Réone @W\M&Sllthlulﬁcﬁtyiaddﬁthgllﬁne&anﬂeu:gﬁplexl998

55, 613- 220%'}@% hlﬁblbns?n gA Ip%?shl%gcfvl IthdPn G]Md'XEQ ngﬁg Y. ]v%%%a 248&;1

2295- 237 Wels  concent r ependent and
cyt oki ne- spédikerit 3984 ‘ﬁc@%h]dé)r Thip geaueagraiordsd aliyne it Hires 24 $ib diprsumstt gt | L- 6
or I FN-y (i ob @k faedr onthegamaishownping inBoY: oadrdlleetde di this poidoiht didserofacial Slegtiviint hoi ¢

aci d was found. bo Rﬁeﬁgaumwaymmm&r a..lwa@@lmowm%tfsaasm@@f @mg 2 S5MRoiZad mal
tOXICItyIn exp eri nent @er or ned m, ce, and I’atSliJ(iofg)Cﬁ] |natl n of

uncomon st Ai§ee ﬂﬁc‘éasdﬁ%j 5‘? et Hg dBﬁ‘ﬁ?"ﬁ’ﬁé oP Y CLPoREY B REP by 101
pr onpt ecous rddaced xHp hohdiaisr caglynt gt dekydsted (Bla 203 e pixiivan gieneAl 12X 90%aieklon, D.

A'; Li T, i g d etierc e T e 6 7 10 7, Li )
al X: ggg ﬁ\ W%Q_h%cgé?'ﬁ ek dél P/l\ G Q’mﬁl cCNEMeel 238, MO 84 éﬁ§ ie@ 19'989

38, 3089- 309%80: ¥9o55c1rfPQ fTa‘hP'F&% ASET §5F Bﬁdéf@‘?“cbé%ﬁ? H‘?rﬁ'l?r“’t‘“’élﬁf""'ﬁ‘ét@% ‘I“Figéé‘“ Thi's
exanpl e provordisisnsat @ nifade irewtritiagvetyistdad migtym pfeg digstapfomgric) aldglyvdestthibivere aci d

and the COImRQy HOES ot rediQioMid seclnln) b@f@lq'dmﬁs ’ﬁ'nl@qmmhg'\ alEoeaR P £ Snd 165, w@£ ovi des
t he basi s for %Jhe total synthesi Thi s

N e N AR T
which upon recrystallization with dichloromethane/ethanol yielded crysta}s suitable for X-Ray analys:s
(Figure 22).
The results of the X-ray analyses established that the tricyclic system had the expected
stereochemistry at the C4 position and confirmed that the Diels-Alder reaction proceeded with
30  exclusive endo orientation. Methacrolein was shown to produce exo Diels Alder products when
reacting with cyclopentadiene: Kobuke, Y.; Fueno, T.; Furukawa, 1. J. Am. Chem. Soc. 1970, 92, 6548-
6553. This surprising observation was rationalized based on the steric repulsion exhibited by the
methy! group: Yoon, T.; Danishefsky, S. J.; de Gala, S. Angew. Chem. Int. Ed. Engl. 1994, 33, 853-

855). Second, after reduction, the major product of the cycloaddition was shown to be alcoho! 114,
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The retrosynthetic strategy towards acanthoic acid is illusty I i gure
20. The Cring of 101 20 is envisioned to be constructed by ?%&ewodil der
cycl oaddi tion reaction, thereby revealing dienophile 103 and an

appropri atel y, wpﬁgl tuted diene, such as 104, as idealpGaldRIbAAE Partners.
See Qopol zer, Conmprehensive Org. Synthesis, Trost, B. M Ed.; Oxford,

N Y. ; Pergar non Press, 1991, 315-399. This reaction i ntroduces both the
unsat ur ati o0, i@t nab he d%e&t%c!@ﬂ@@ And B Q&teﬁjQIﬁleB)e@nﬁﬁsﬁitﬁQE e ﬁ{:i’éﬂénca'bf the C8
and Cl3 carbons, permtting a conveni N g: E?? at bet E‘il e ?%/nt heses
of the conp8igtdd? &F woEEFEHRN Wi 10p) s B”f"ﬂ%e‘ FHS N Of “E&T mira”

Di ene 104 ceanikly. bereprencaeeaida byicftadiniet ivathais ioatrithorg amé)ﬁﬂlk@tﬂ@}#rea'li@@fs'wrbse 4
quat ernary &gpge {an%ﬁ{%%thpﬁwnﬁ%tdﬁ%pﬁlg be formed by a stereocontrolled

al kyl ati on et oest 0 Thi s _anal ysi s est
W e?/and m esher ’kséiﬂsﬁ‘ﬁ?di ala% g% ef w absent m\¥ s:on ?f%lueq%ominggml ohh leL{§e th) ly (I Zm of

such a pl annéel tdmpowynbikssnga §iB) a'@&n%’ﬁbqs@mac?ltﬁ ‘Ih%’ced@pﬂ“cacpéfélp"la‘i‘i SF‘PSEj‘ﬂ‘F%s 21

and 23, as §fé NERRS IS 3R6kiBly 1ibkdess 6 LNESR xaiRbigtorst bt iothardsar Fonspect r al
and anal yti g@} data 30 The synthesis began with optically pure enone 107,
i

which was r |y avail abl e through a D proline-nediated as%/
Robi nson annul at Thorpv¢isisn GQsdienehis fc%%%"é’@)sy“‘@éie°fl§ii‘6ﬁ‘§1i‘f’ﬁ%ijd’ﬁ5 ““lP’(D' s Fuer st ,
A CQutzw l |n§cﬁrallyjocclﬂhﬁ anSyd3t fud tEQotnpdvads. of Whinulk A0 Dand IBB), 3BF 2echmpliSed xt i ve

ketalization, of {he ?etP]mlC orbhzﬁlt‘,&ﬂﬁiergg rﬂltm teQrtumloQ?lwe dfemal .l, %ﬁﬁtgm ufe%@lhlﬁétérdé%m-

al kyl ation ALY8&S enone funct i ona y

af f or ded ketersainingdieppgudhgs Eofugieh e e °Wé?‘b See§é’lf’ §k’ﬁ"?%’ Er% P%ﬁ'n% ﬁ/ander

L. N.; Set hiBan,PR.; Huind, 4. TOCHmlgien. 3G0DEINDITERB - BEMFW/WSWLJJBZGQ“CBCk ®g.

a”t h. 399210 70um, 2285 §§c31977@t9' Nid 9@'%@:%@“& gesidhes f oRctieansi, z:ataoetmndat the
position second_reductive a S see

Coat os, 1 HPI: Hepkip P Fuesy P g D 17 g8 IREIN Sk WrBnSBRY £ 3

M: Shaw, J SyrEheszsl 1980y 7§3-7@DeFhe cqr@tm@tlongsdmze@lan?mllza@ﬁﬁm‘aﬁwﬂ’fﬂsﬁ 0k first

transf or ned s[,(gmtmﬁg&pgr@gmmdl ng met hoxymet hyl ether 108, which upon

estar 110 in sebmEPAl yrarithi ATAAAR L GIATRE MR IPNERRE,

ch,
C.: Hagan, G W H@}lmfhétﬁ cPa@Hmﬁ J.1Jy . Soc. E'%"’SQ"”‘”V@I ’c?FP 3§’ 39@ f°"%"d\f
P.; Kim 9. HdCh-hddisted RehySatiod of ﬁ @sulﬁ@&ﬂjhc 1:33]17)] (T42t, B2B7 Qui2B87,; L. Wel.cdvr S C

Hagan, C. chg.em acg?%aggoz %ﬁg’w 5 GG M urthyv N, E{)?d& Iﬁrs Re]dmanJ.r ARNEBL,, Cheer .

Soc. 1977, ereoser e dition arose from
the strong plefl8te8e3443-345P2 isersetoifeddt é"“'é‘f%‘lgé‘(t is feydrpten JAHERGECHI Ry | at i on
at the 10 |»ﬂ&$ﬁjlsﬂjdﬁbﬁdmﬁwaéfmtwaln thib €hee. Wﬂt hsdbktm:dﬁlamymt pfC10¢ @t lendatwehand,

the Cring was constr - I Sails oV S
reaction bet‘i?\)’é’ﬁﬁatf‘fje"[%]gﬁlf" gﬁer remfﬁs"sm%{hg a\,\@ @ %ph% s - th%na ?Z§t, er?g t he
sul f ur - cenht diewisrgd<BRarfn0. TS, A*F’r‘fe“é??ﬁ'ﬁ?é’é‘?'ﬁ“ép (Mde\'/\% "i“’r'i‘f’ rerateted ietth an
aci d- cat al yzed . dent Qhfich WaNs@, b RRmEshekfbde #050°L18d afforded aldehyde 118 in 84%

yield as a 4.2:1 mixture of diastereomers. To simplify tlie product characterization and allow adeguate
separation, this mixture was reduced with NaBH4 and reductively desulfurized using Raney Ni.
Alcohols 119 and 120 were thus obtained in 91% overall yield. The structure of these compounds was
30  assigned by comparison to the products isolated from the reaction between 103 and 112. Treatment of
the major diastereomer 120 with Dess-Martin periodinane, followed by Wittig methylenation installed
the alkene functionality at the C13 center and produced 121 in 86% overall yield. The C-19 carboxylic

acid was then deprotected. Exposure of 121 to LiBr in refluxing DMF gave rise to acanthoic acid 101

in 93% yield via an SN2-type displacement of the acyloxyl functionality. See Bennet, C. R.; Cambie,



foll owed by al kylation of the resulting ketone 105 with [ithi
acetyl i de-ethyl ene di ami ne conplex. 15 See Das, J.; Dicki nso%%beﬁ.zgm
Kakushim, M ; Kingston, G M; Reid, G R; Sato, Y.; Valenta, Z Can. J.
Chem 1984, 62, 1103-1111). This sequence afforded al k%@‘fvu dafs an 8:1

di ast eroneri c*AP%FHre at  C9 (in favor of the isoner shown%"]’an in 86%
overall yield. At this point, the diastereofacial selectivity of the

Di el s-Al der easL LoD 7,67\'5’%29-@5@(:]3%{[1&?% 18R Edlgﬁicé?\ﬁ&(:t?e!séopif:%@asdngkt*chitdyta of
using a non-tTunctionalized diene, "such as 112. To this end, the

di ast er eonerti® thepetrared f3fhe pBREHAPEF al cohol's 111 was partially 20 reduced
(H2, Lindlar's catiakysl} pavidks dedyics atredelcBEIEHRO) oftCompriod e T eypdetit 12 in

E:/g% yi elhd. I\il(rgt:%g'lsilp%i’ghli&ht’ed\/b(ﬁ;| _theaﬁﬂgﬁe_ntagon; cf[pgie@-lmg'{ﬂn reéo]t_imP gt;j@flc_iﬁ'lifﬁé o4 f!d; AIVS.I’]
erssche ull. Sgc. Chirp. Beig.. , - . - Al der
cycl oaddi? i dﬁt%ﬁflﬁfééﬁ%ﬂ'?c ‘asﬁtdﬁen%etr??gg?'ﬁﬁr’é%ﬁw(c ig%d %nc %’?" heat: fg_eo‘Jr;i1 ﬁti?ons at
25C, af f or desginthesis ofli@hteitims foyresenyitens (tagingrivith eees 187) apdugorgpdadt wpieyaiely 8%

al dehydes t hat ek BeRAA Stkicll Bld VREANEE ifQr Watehy s@divamdackiehspdtiede. The
resulting al cohols 4 and 115 were 2 r ansf. to the correspondi ng

p- br ormbenzdﬁ‘fpératé"ﬂ’% g "’“f’c{(:ac')’ﬁ%%ﬁvﬁtélgnpioﬁﬁggﬁﬂ%il?fgf&!%gfgeébti vely), which upon
recrystallization wth dichl oromet h&3&MBLES S| yi el ded crystals suitable
for X-Raypanal ysis (Fi gekeos22d}ive Shiitests eSlombandfof FdaeulXdiBay anal yses
established that fhe Licyeld: ¢Mhd 884 D RiEX PECLIEHe ¢, SaPEERGINRIGSI Ty at
the C4 position g}ﬁe f%cg)crﬁlfeiogtﬁtegedﬁ;?’%ﬁl?&t’h%e D?leles]- Afder react | on?pr oceederd W th
30 excl usi vetreprrd tatsldbreappogrds oM HLT EyRUREE) shown to produce exo Diel s

Al der products when reacting wth cyEXaMebiadi ene: Kobuke, Y.; Fueno, T.;
Fur UKawaz J. J. Ap _coqﬂ:%_g-he;@gcdesiélngt&p1'1"1"]912wa563§ﬁ1£§3_'size@5§,3f0lchs_hﬁgStl@l;lFo_EJd!JrSd ) {9)
observation was rational %gﬁd ng?Ed' on t he SRS {ggﬂg@&ﬁg exhi bited by the
met hyl  group=*BHh 3 PR ARLRaE BRY . GNPy Eaia S " Angew. Chem I nt.
Ed. Engl. 1994, 33, 853- 855). Second&XAMPLBZ reduction, the major product
of the cycl oaddi th0GomBsd SRMNetighat® TalL @i0dynillchided bybhIdwikE he pekedR@0d WO
00173253 PCT{ 112004 13292 I=Gh. HAG ﬁe*ﬂaecoggo%hcgﬁsi SHAT BARNGIIR Wl e CB
center, ther derfonstrati 1. a strong preference of diene 112 to undergo
reaction wit P8 siem(h), geesopropndeii ppy Ben macigt vish 34 caupplsi VRE " PMECE H$hotfom si de
att ack) . a2bbr gprgimatel hes eovtiat a yield df pardaelatdlitdts o phatdmesing hofin GeigmtehT1E. aci d
woul d require an inversion in the org@ppaghon of the incom ng di enophile.
5 As discussed in Exanple 2-8, helo sent | nversi af the incom ng

di enophi l e, the WHBIFIEPOUHARTE" %?8%8%\/%@ 8F° ’"F"Bt}“??ﬁ?dagy( %ﬂ@)’m I TSNS zed.
The choi ce oflepirrrd mFjpue 4, et cubwnd BuTkigeomaiuehio prdin dssigialedWBEL3essent i al | y
limtless selection of the R' and RlZxghnoups of the conpounds of Fornul a
(11B).

25 The compound herein designated TTL1 was synthesized by following the procedures as
depicted in Figure 14, to yield compound 13. This compound is herein designated TTL1.
EXAMPLE 6
A compound of Formulae (1IB) wherein R;s is a hydrogen and Ry and Rys are separately
selected from the group consisting of Ci-Cs alkyl, and C;-C, substituted alkyl is synthesized by
30  following the procedures therefor of Example 1, except that the dienophile is selected from one of the
compound of Formulae (I1I) wherein Rs is a hydrogen and Re and Ry;s are separately selected from the

group consisting of C-C alkyl, and C,-C substituted alkyl, as in this Example.



The inversion of the dienophile required for the synthesis of 6§&egggg%ound
of Formula (1), its 10 naturally occurring anal ogs, and the conpounds of
Formula (I1) and (I1A), was acconplished by altering the atom c orbital
coefficients at the termini of the diene, supporting t g:fz

het er oat om  COhPEI* ng di ene, such as 104, during the cyc aa tion. See
generally Overman, L. E.; Petty, C B.; Ban, T.; Huang, G T. J. Am Chem
Soc. 1983, 105, 6335-6338; Trost, E)MMPLIEQpen J.; Vi aduchi ck W C J
Am . Chem Soc. 1977. 99, 8116-81 Tohen, T.; )y ghg

1982, 47, 4008 1%3(:4@11@ Fﬁﬂﬂgiuﬁsof Fpmulg QIIB¢&8%§n RPIS aLh dtjwendu thnrq ari978
43, 1208- 123paraiBlgtdiezied kam thikrpup@aigggf CJC, alkyl. an§¢nt4retsiitgied all%ﬁ syniERzed 86) .

The constr UG); }"ogaav:f'?g thgbr%@lF&lQQre%p& E\En%)léjf- 'e*tcb;ﬁ AHad tm&l&ﬂulé Be.ie¥nthiesieorof 101

IS shovvn in Fig RProduce b adi cal
addi ti on %of “’["'ﬁ?@ﬁﬁ'@rﬁ’sﬁmﬂﬁf%{ﬁmﬁ(ere%%ﬁff%(‘lgfgéléﬁér a" ’arflse"wtdly Is-f){ecﬁd i A
Par sons, P. thg srodp coGfiseing of Sp€s alkgh anthCi-Cotwpptitited 4'D8 35 ‘“8‘8@‘8’9’@) f ol I ovved by 20’
P003- nedi at ed dehydration of the resgtdmmgEsllylic al cohol (Trost, B. M;

JUI’]ghEI m L. N ]i NErém 0 '‘a h n, a U t 5€ e I‘thy,
A. N ; Reddy, géonxpowd%mnxﬁgbm) 3@%’1 Rlat\% a IZQJ‘% %c?%b% %% %a‘c | - 3452)
(2 steps, m%cw &prol§2-Cq eﬁte@ﬂ &t wtipted plkmy Gt glahal %ﬁs Gres’h a3 ¥BhesE St ed

Wi th BF3fst 2@iioRidf thb poveales thgdd: eChraMle 1 exdeRtitis DaG@0phiN & keldred filys bigent ital

amount of 1024 %Pndho%ggnnum@ 1th \é%m 9@?9&43939 Relarﬁffd Q@Eepsrﬁagtseléa@d fbsi ng 103

as the di enopti evera Lew s

aci d- ( BF3Et ﬁf*Fe(';leFZ“CAFL@T@“"QﬁBE“Sh%I yloghet gy b“%%'l“é'”%?r“ﬁf@‘?le condi ti ons
were tested. Best results were ObtEXANPHES® 111 SnC14 in et hyl ene chl ori de
at -20C and r@aftefngggqqlegggehyde 118 in 84% yield as a 4.2:1 mxture of

di ast er eoners. o Si char ter| zati equat e
separati bn, thi sMH™t rép e ce elg{}ggg‘ﬁmlt’h H‘é’freapﬁ%re 3 Oa@dm mmu(?es oA

desul f uri zedamn®g mgeSRéﬂleyynNth compoprstnd Farmala §). diedymipir C\ﬂEP‘E“Mﬁu@Wbﬂh@“ﬁéd in
91% over al | pydeeloﬁi analdge (aaturewqﬁ Wse: ofSLNeES GOAPOMIE Swikasarid® &SR Gtk Chsby

conpar i son lpopo sac 1ar1dd ?LC%? ora g(?a ?o?ﬁt/e a% %g"ikte *ﬂga]%li %%%;melrg? ESW%? ”s%%ﬁata?r@d 112.

Tr eat nent of aster erl I hane,

fol | owed by cWetstfq ‘Q’efn%"czH’V‘l’fé’Ffa"Fl‘HH be assveq foete levefef Efl‘%Helf‘hFrdh‘%ﬁhHw at the
Cl3 centsr ather topidescithr hPdlisd o1 bBE&Yay0ediddnhi syntied wd evamhtetheeﬁe@tsoﬁuhbmtyétlcc aci d
was then de%g,& o &%@mgﬁuh@ @b L%Jmiapmlrg@é.ﬁa Badil L urggpa%ysg;aeﬁeasrl se to

acant hoi ¢ acl Vi [ cepent

acyl oxyl furfé’fﬂaifr"i‘&tl“’i'ti’)m’"ksé‘é‘ Bﬁ%fn ﬁ‘gaﬂﬁsq 2 %ﬁ&ég @{J} ob& alsﬁ(%s WO
00/ 73253 PCERetila®éy. 13202 R C. Tet r ahedr on 1967, 23. 927 941. Synthetic 101
had identi cq{esﬁtpectroscopi c and anal yti cal data with those reported for

R P o g yes R PO AR 26T SR RRRSH 6] 310

the synthetic compounds of Formu!ae {1y and {IIB), specifically those designated TTL1 and TTL3

herein, at concentrations as high as 10ug/ml showed similar viability compared to untreated controls
indicating that the inhibitory effects of the synthetic compounds of Formulae (I}-and (1IB} on TNF-o.
synthesis were not mediated by a direct cytotoxic effect.

30 Subsequent studies with the compound of Formula (I} as synthesized according to Example 1,
TTL1 (as synthesized according to Example 2} and TTL3 (as synthesized according to Example 4)
demonstrated that TTL1 exhibited approximately 10 fold greater activity compared to the compound of
Formuja (I) as synthesized according to Example 1 in inhibiting TNF-o and IL-1 synthesis. TTL3, as

synthesized according to Example 4, contains an additional chemical modification exhibited
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strategy is highlighted by the inplenentation of a Ejeis-AldquﬁﬁgﬁE&ﬁn
bet ween diene 104 and 5 nethacrolein (103), which set the stereochem’stry
at the C 13 and C8 carbon centers. The described synthesis-of 101 requires
fourteen ste rting with enone 107) and proceeds J imately 9%
overal | yielﬁsoéﬁégoverall efficiency and versatiIitylg?mgﬁghg?rategy sets
the foundation for the preparation of designed anal ogs with inproved
phar macol ogj cal, jobifas SRk a2l T0nmhal SOR8kEE MemapytiNeRks of
Conpounds-%#&ég?ﬁéfgh%%ffrTee S&Engure'oﬂ§$iﬁe 1N E%aq&{eﬁ%h andtdepicted
in Figure 2B simdpdprihe gomppprs B EOTSHEIP Po OFiZd FIRUE R T8y BT R RS
conpounds OfTLE@sIILAsifnlfichntlp inhibadriu aynthedHB) TTLEXANRIE h (Thdolcagenroentieityher ei n
desi gnat ed Sie SHILRESHELADY) & AobiOWe & NG PEQGSRULES Mg TAP.oEXanpl e
1, as de ié%ghﬁfﬁ@Ffdﬁﬁé 21, touygédeGOWBouﬁdlff4, ﬁ%reﬁn éegfgnaﬁéd TTLA4.
EXAVPLE 3 THEIcb#p8iid herein designated TTL2 was synthesized by fol |l owi ng
the procedures OfL3 Eenqpht@nslan additioge phegicaidnddificffipgerhigited kpprexgnajeiiel 08 tmestpound
114. Siml aérea&epactih@ 2B FELI. Ofs z%%p hlﬁ:&)%t to Hot&ihd 's'iﬁlﬂar_to'ztﬁe comb&Rd c(ffnrmutar@? asCOg'FO)OU“d
or

114 was then reacted with 3.0 equivalents LiBr, in t . 160C,

appr oxi imat eTyW‘"csﬁ?déé“’F?Bﬁrt“g;:xa'P‘ge hﬂi}ﬁ!”eéla'&ﬁjéf’-grﬁg& "rtékr‘ll"r?ﬁ?d% gyé’%fo‘s‘of t he conpound
herein designated TTL2. EXAMPLE 4 The conpound herein designated TTL3 was
synt hesijged by follow ng the procedures as depicted in Figure 14, to yield
conpound 13. This compound is herein designated TTL3. EXAMPLE 5 25 The
conpound herein designated TTLI was synthesized by follow ng the procedures
as depicted in Figure 14, to yield conpound 13. This conpound is herein
designated TTL1. EXAMPLE 6 A conmpound of Formulae (11B) wherein R15 is a .
hydrogen. and RO and R15 are separately selected fromthe group consisting
of Cl1-C6 al kyl, and Cl1-C6 substituted al kyl is synthesized by 30 follow ng
the procedures therefor of Exanple 1, except that the dienophile is

sel ected fromone of the conpound of Formulae (111) wherein RIS is a
hydrogen and RO and R15 are separately selected fromthe group consisting
of C -C6 alkyl, and Cl-C6 substituted alkyl, as in this Exanple. -57 1

Oct ober 2003 WD 00173253 PCTI US00113202
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EXAMPLE 7 Specifically, a conpound of Formnulae (11B) wherei nl%c‘%oﬂe?ﬁ%
hydrogen and RQ and R15 are separately selected fromthe group conSisting
of C -C6 alkyl, and C -C6 substituted alkyl is synthesized by follow ng
the procedures therefor of Exanple 1, except that the (] Ll.e is

sel ected front®WE* 3t 5 the conpound of Fornul ae (111) %’p@ﬁﬁh 41is a
hydrogen and R, and Rl15 are separately selected from the group consisting
of Cl1-C6 al kyl, and Cl1-C(, substituted alkyl, as in this Exanple. EXAVPLE 8

A conpound of Fornulae (JIB) wherein R14 is a hydrogen, and R9 and R15 are

separately é@l—@j:t ed from-&2—C6 al kenﬂj,_ P- C6 subst+++uted ai kenyl, C1-C6
al cohol , and % 06 aryl, |is|synthesiz i;pcy 10 fol| o1 ng t he procedures
t herefor of |[B&gple 1, e@%@ that th ®hophi |l e [sahel ected from one of
t he conpoundt gf™For nul aelx £1%) wherei @’_4 is a hy@ré“j%sn and R, and R15
are separat el y|s¢l ected fr&mn |C2- C6 alkeny|, C2-Ce| sGbstituted ai kenyl,
Cl- C6 al cohpd—and C5-Coraryt as in this Exanpl e. —EXAMPLES 9 - 17
Materi al s and et hods. 1% Mirine nmacr 3_-?@1‘93 cells RAW?264.7 (1 x 106/ nl)
were pretfeated flor 3¢5 6(5/plites w tiF RAryi nggoge§lef the synthetic
conpound Bf [Ecifil a (B, [EE~synt héti € conpoundof [F&hula (1) and a panel
of anal ogs ditutied i ng0|5%|DMBO) & i or_tlol sti m@ afi o With various agents
such as &i pepglysacch@rirde(1PS) & @& gflam positi ye—agent |ike heat-killed
Staph aurgus (SHAQ) . Supernnatlants bl %gj oveg a| 7 hpur period will be
assayed fpr E%FI evel sgofz e a, LEE g_& 6, 1315 g4t 18 and 20 ot her
cyt oki nesfei E:hiji“ by el sa~o¥|"hi oasgay Agditiond adil es to eval uate the
ef fects O:E tthe2isynt hetf c @émaoundgpf Earlmyl ae ¢l1)| ®1), (11A and (11B)
on speci f§c feyteKi ne sigratiing pat vays Jueh as S Caspase-activity (Nr-1,
Nr.3), NFEKBS 4AR- ki nage @gi Vity (P38 EHRK andB3N&2Wi || al so be
perfor meds REsglt|s 253Prd Bligni cal St Ugliw8 | denorst &gl that nurine RAW
264.7 cel ks gré""t ed wigh |Engffeasi nct doses of the sgét hetic conpounds of
For mul ag B1)lEand (11 B)x 9p€g fli cakily 1 desh@nated|TL1 and TTL3
herein, @k qorceT|t r ali-png as i ghBas g/ m éGwed_sSifm lar viability
conpar e& £o [@nt} dat e -Eoﬁ@rcal S iﬁ('ﬁ Cakifg |t hat 4 héSimh| bitory effects of
t he synt hétié%@.ﬁpounq% qt %@r mul aeﬁ(li%ﬁd (Jl ﬁllf.]?g\l:-cc synt hesis were
not medi abedEny( d diregt |EyEtloxi c of {B6Y. {30 Subsefuznt studies with the
conpound Bf Eormyl a ( a%$ sSynt hesized—ageordi ng&t ¢~ Efappl e 1, TTLI (as
synt hesi zg&d cpridi ng To [EXaml e 2)gand T3 (ass syntfesi zed according to
Exanpl e 4} |@gpnstrat éd gt |TTLI :éxhgtﬁ,ged appg ofE @t ely 10 fol d greater
activity Bonmgapigl| to tBe [EoRfdund af |E JI° EIE 8
2 Es| g Bal| g g 3 e
I o '*6 s =
s 5 5 2
5L 5| 3 | 3
; k= b = =
% ! 2 S8 2 |z 8 2 %g:
E E ~_ -
2 S E E
; ; £ :
B 8 et
é & = =
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Formul a (1) as synthesized according to Exanple | in inhibitilrtggct QF-ﬂ)and
I L-1 synthesis. TTL3, as synthesized according to Exanple 4, €O 5? é an
addi ti onal chemical nodification exhibited -58 1 October 2003 WD 00/ 73253
PCT/ i JS00/ 13202 approxi mately 100 tinmes greater acti vi TTLI, as
synt hesi zed %%@Bpgfng to Exanple 2. It is noted that k’érl}{nrjr%opgs?mto t he
conmpound of Forrmula (1) as synthesized according to Exanple 1, neither
analog TTLI nor TTL3 significantly inhibited IL-6 synthesis. TTLI
exhibited a ten (10)-fold greater activity conpared to the conmpound of

Formula (1 synt hesi zed-according to Exanple lin inhibiting TNF-a 5 and
I L-1 synthgsis. TTL3 whi.ch icontains an additional chem cal nodification
exhi bi ted aﬁg;oxinately-agf times greater activity than TTLI. It is again
i mportant t&ote that $imjlar to the cdmpound of Formula (1) as
synt hesi ze¢racicordi ng t g Exanpl e 1, nefdlher anal og significantly inhibited
IL-6 synthes}ts|. 10 1 Cctepgr 2003 WO 004|¥3253 PCTI g5H-#3262 00 CO.E a ca n
+0 00 OP|IDO MQO Nin <
E Elo
EiS BE =
- - = Fnl
E Sen ES%SE
E; =il EHEIRE
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While specific embodiments of the invention have been shown and described in detail and
exemplified to illustrate the application of and the principles of the invention, it will be understood that

the invention may be embodied otherwise without departing from such principles.
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1 Cctober 2003 WO 00/ 73253 PCTI USO0/ 13202 Wil e specific eanQ%ﬂg%%§0&g t he
I nventi on have been shown and described in detail and exenplified to
illustrate the application of and the principles of the invention, it wll
be understood that the invention may be enbodi ed ot herwi se w thout
departing fromsuch principles. 1 Cctober 2003 WHAT IS CLAIMED IS: 1. A
conpound having the follow ng chem cal structure: RR7 R4 1 R1 R\~ XS

R2 R V\h@-g_&i%;s CL%Q%%E‘?' ected fromthe group consisting of hydrogen, a
hal ogen, ) - carboxylic acids, Cl-Cl2 aryl halides, Cl1-Cl2 acyl
residues, Clr C12 gsbhod nédndhe rBeandninicatirdege: (C1-0)(CL C12)
tertiary am des, Cl-Cl2 al cohols, (C1-Cl2)(Cl-Cl2) ethers, Cl1-Cl2 al kyls,

Cl-Cl2 substituted alkyls, C2-8® .alkenyls, C2-Cl12 substituted al kenyls,

and C5-C12 aryls; Rz and Rg® argRe N5 _separately sel ected from hydrogen, a
hal ogen, Ci1-Cl12 al kyl, ﬁJS ‘

ted al kyls, C2-Cl2 al kenyl, C2-C12
substituted al kenyl, C2 .G -C12 al cohol, C1-Cl2 acyl, and
3 ,separately sel ected from hydrogen,
Uubgtittygd al kyls, C2-Cl2 al kenyl, C2-C12
substituted al kenyl, nyl , é’h(g C$-Cl2 aiyl; Red is selected from
hydr ogen, a hal ogen, & : Cl-Cl2 substituted al kyls, C2-Cl12
al kenyi, C2-Cl2 swsti tugted afkenyTRyand C2-Cl2 al kynyl; Rio is selected
from hydrogen, a hal ogfn, "gq2| O -C6 alkyl, C -Cs substituted al kyl, Cz-Cs
al kenyl, C2-Cff, ssub%titut é‘dRaBkenyI , Cl-Cl12 al cohol, and Cs-Cn aryl; "and
R14 and R15 are .separately selected from hydrogen, a hal ogen, CH2, Cl1-C6
al kyl , Cl- 6" @stituted al kyl, C2-C6 al kenyl, C2-C6 substituted al kenyl,
Cl - C6 al cohak, is acleetédSi&n tid yrbup consisting of hydrogen, a halogen, COOH, C,-Cy; carboxylic

acids, C-Cpp acyl halides, C;-Cyz acyl residues, C;-Cp, esters, C;-Cy» secondary amides,
(Ci1-Cia)(C1-Cy2) tertiary amides, C,-Ci, alcohols, (C,-Cy2)(Ci-Cyiz) ethers, Ci-Cia alkyls, C,-Cyz
substituted alkyls, C;=C); alkenyls, C;-C;» substituted alkenyls, and Cs-C;; atyls;

Ry and Ry are each separately selected from hydrogen, a halogen, C,-Cj; alkyl, Ci-Ciz
substituted alkyls, C;-C); alkenyl, C;-C,; substituted alkenyl, C; - C; alkynyl, C,-Cy; aleohol, C,-C)s
acy], and Cs-C, aryl; .

R;-Rs, Rz Rq, and Ryy-Rys are each separately selected from hydrogen, a halogen, C,-Cyy
alkyl, C;-Cy; substituted alkyls, C;-Cy alkenyl, C;-Cy; substituted alkenyl, C3-Cya alkynyl, and Cs-Cyy
aryl; '

C5-C12 aryl; R3-
a hal ogen, Cl1- Clzau

R7.

R, is selected from hydrogen, a halogen, C;-Cy; alkyl, Ci-Cia substituted alkyls, C;-Cy;
alkeny], C-C} substituted alkenyl, and C,-Cyz alkynyl;

R, is selected from hydrogen, a'halogem, CH,, C,-C, alkyl, C,-Cs substituted alkyl, C,-Cq
alkenyl, C;-Cs substituted alkenyl, C,-C; alcohol, and Cs-Cya aryl; and

Ry; and Rys are separately selected from hydrogen, a halogen, CH,, C,-Cq alkyl, C;-Cs
substituted alkyl, C;-C; alkenyl, C;-Cq substituted alkenyl, C;-Cq alechol, and C;-C; aryl;

wherein the compound includes the prodrug esters of the above compounds, and the acid-
addition salts thereof. .

2. The compound of Claim 1, wherein:

R, is selected from hydrogen, a halogen, and C,-Cy; carboxylic acids, Ci-C)z acyl
halides, C,~C; acyl residues, C»-C;; estets, C;-Cy, secondary amides, (Ci-Cy)(C)-C)2) tertiary
amides, C;-C,2 alcohols, (C,-Cy2)(C,-Cyy) ethers, C,-Cy; alkyls, C)-Cjz substituted alkyis,
C3-Cy; alkenyls, C3-C)5 substituted alkenyls, and Cs-Cyy aryls.

-63-

AMENDED SHEET
EmpfangsSev.s wveveir o-mv




wherein the conpound includes the prodrug esters of the above GQsRPYHH

and the acid- addition salts thereof. 2. The conpound of Claim]1, ere| n;
Rl is selected from hydrogen, a hal ogen, and Cl-Cl2 carboxylic acids,
Cl-Cit2 acyl halides, Cl1-Cl2 acyl residues, Cz-Cu esters, C2-CL2 secondary
am des, (Cl1-C)2)(Cl-Cl12) tertiary am des. C2-Cl2 al cohols,
(-C12)(C1-C12) ethers, C2-Cl2 alkyls, Cl1-Cl2 substituted al kyls, C2-CU
al kenyl 5, ClZ ubst it ut.e L ken and C5-Cl12 aryls. -63 AVENDED SHEET
1 October 2 e 88%839%"8? @“’éﬂh 1, wherein: R is selected from

the. group con5| sR|| rsgsetei:te&yfchmgﬁengm@ haismgmgl of GeetbhenCh. l@(&geﬂ;aIE@OHy 10,5
Secondary Y Rl G GHICHIRR, Qi AL TS, Cots GRieR, Suks) eoonday
kel 8. ConG1a, Snor ot S o e e ah B T ks T poPeURd of
d ai myl, vmczq Cé‘ﬁs%fptf’é%%y lg’grﬂeaegf %%’t%?@?‘g%ﬁ&g%%%%%T rrp esters
and Cl-C6 acyl r €eHiedompouns.of Theémdpwherein&; ﬁfse@htedﬁ‘bﬂlthe/‘@ﬁﬁﬂdﬂm&nglcﬁ‘@-ﬂseﬁ ed

fromth onsiksting of C2-C6 esters. 6. The conpound of Claiml,
wher ei ‘5}% ??l'@é?%l?é‘& %romthe group consisting of C2-C6 al kyl groups

and C2- C6 al%eny|Tigreompsund'of Clainihewhaein By idelafteiramn ihelgron@heisingREORE,; . R7,
R8 Rl]E E%S i s each hydrogen. 8. The conpound of Claim7, wherein R3-R5,
1-R15 is each hydrogen; R2, R6, and Rs are each nmet hyl ; and Rao

|s CHz 9. The cditpcomgount oﬁ?himﬁ,]whadiﬂ{ﬁiismeliﬂ:ﬁd femtysigrogedonsisdig dRJ:4-Oss

sel ect Logen, and C -Cl12 carboxylic acids, Cl-Cil2
aryl eﬂ(ﬁqﬁ E%mj &Mgggacy?ﬁ?gﬁdues C2-Cl2 esters, C2-C=Z secondary

am des, (Cl1-7C12) (Tie-cebgyuntief Claam ¥, MK;-RQR-;,CRI;ZR@JM&EG&&,hy&G@enClZ) (C1-C12)
et hers; 2 aldyl I , - Cl l.kanyl s 2-C12
substi t ut ed%:;I keny C%mg%d%t?%%?s Jfééﬁgi%’ i@;h{z’ %‘6(:%5’015%0% rﬁl’i

wher ei mﬁ%aﬂCQ%ymgmﬂmaCHM is selected from hydrogen, a hal ogen,

C2-C6 al cohgy's, Fpehniblidd 3r et SH8E 17, Vi Hydhith! Sna B2 (PseRlott WS

C2- C6
hydrogen, & halogen, and C;-C,; carboxylic acids, C;~Cy» acyl halides, Ci-Cyz acyl residues, Cp-Cjy

esters, Co-Cy; secondary amides, (C,-C2)(Ci-Cyp) tertiary amides, C,-Cyy alcohols, (C-Cu)(Ci-Crg)
ethers; C;-Cys alkyls, C,-Ci2 substituted alkyls, C;-C), alkenyls, C,~C;y substituted alkenyls, and
Cs-Clz aryls.

10.  The compound of Claim 1, wherein Rys is hydrogen, and Ry is sclected from
hydrogen, a halogen, C;-Cs alcohols, C,-Cs alkyls, C,-Cy substituted alkyls, C,-Cs alkenyls, Co-Cq
. substituted alkenyis, and Cs-C; aryls.

11.  The compound of Claim I, wherein the compound is selected from the group
consisting of |
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substituted al kenyls, and Cg-C6 aryls. 11, The conpound of Clia « 20der ein
the conpound is selected fromthe group consisting of -64 AI\/ENDED SHEET 1
Cct ober 2003 , and H CH3 COOCH3 and the prodrug esters and acid addition
salts thereof 12. The conpound of Caim1, wherein the conpound is

sel ected fnromthe group consisting of I, 13. The conmpound of Caiml, 2,
3, 4 86, 7, 8, 9, 10, 11 or 12, for use in treating a disease condition
sel ected firom t he group consj~gting of inflammtion, her cul ous pl euri sy,

rheumat oi d pleurisy, c j@¥scul ar _di seGHg r Clikess,

and the prodrug esters and acid-addition salts thereof.
| 12.  The compound of Claim 1, wherein the compound is selected from the group
comlﬁsﬁng of

di abet es, transpl ant rej titis media (irnhe fection),
sinusitis land vi ral 3 ~34. A conpoupd hal pre-.f ol | owi ng
chemi cal jtruct ure: RZHC 13 COON 3 and the
prodrug esters and\g alts ther

} . oH

|; - B coocn wg OB COOCH; .

\.
k)

CHy coocn3

and ,

and the prodrug esters and acid-addition salts thereof.
13.  The compound of Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, for use in treating a
disease condition selected from the group consisting of inflammation, tuberculous pleurisy,

rheumatoid pleurisy, cancer, cardiovascular disease, skin redness, diabetes, transplant rejechon, otitis
medxa (inner ear infection), sinusitis and virel infection.

'l 14. A compound having the following chemical structure:

wherein R; and R;. are covalently linked, and wherein
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wherein R and R . are covalently linked, and wherein -65 | AVENDED,SGHEET
1 Cctober 2003 R, and R - are each selected fromthe group consisting of
C -C6 alkyls, Cl-C6 substituted alkyls, C2-C6 al kenyls, and C2-C4
substituted al kenyls; Rz and RO and R2. and R9. are each separately

sel ected from hydrogen, a hal ogen, Cl1-Cl2 al kyl, C1-Cl2 substituted

al kyls, C2C12 al kenyl, C2-Cl12 substituted al kenyl, C2 - Cl12 al kynyl, and

L 12 0], e B o o e S o e S o

a-ad2 akhy lczCQ]-kQ;ﬂS mt(gstsumdn@lam&hﬁs, C2- Cl12 aI kenyl C2-Cl1 substituted
al kenyl, C 2-Cl2_alk

- re i pdependent |y
sel ected froka 1 & lﬁa%@"éﬁh S"‘*’é‘f‘“&?}l/?leétf"ﬂ @‘&ahéﬁ%"gt 'T;!'t'g‘ﬁ é]g‘%’
al kyl's, c{@p, @Jb%m’atel!elkyis, CE2p; Slkéhyl Wt musmde@dlmwc, @ dik§iRyl Ghd CMOcaenty | ;
and R O é? i ndependent |y sel ected from hydrogen, a hal ogen, CH2,
Cl-Co6 a‘?“%ﬁe' "y substituted al kyl, Cz-C6 al kenyl, C2-Cfi substituted

?I Ikleny! cl hﬂlﬁa , B, R ald R, AR aﬁasRﬁB% RfR )REZ anlﬂzRI | w&]ﬁmmhrwpdmvrwrsijedtéﬁrog

ol | owi chemi r ure: ere . are
coval en ﬁ?’n%gglogﬁhﬁ%i’eé‘?ﬂn %C'éﬁ‘&bsﬁuted “i’u?' ’%@ﬁgﬂl’e 'Tcl"?’osrﬁ%?ﬂ%te roup
consi st alkgyh C,-Ci-allityngll, #3dl G- C,Gry)6 substi tut ed aI kyI s, C2-C6 al kenyls, and
C2- C6 subst t | k At I
R e gt Mo 20 gl B S5 MR Y

al kyl s,smztm:zamﬂmmu almylomgcauwsumtaamacdnmalné@fr:,umnyl e al kynyI and

CRJe? ,Cl gngr éll ’]i{'."?ﬁg’glj%{.“" epeengé Eﬁcgt%hgﬁﬁ% gg’aﬁﬁﬁ%gﬂﬁ@ﬁ?e%ﬁﬁ hafogen

C, - C12 subktithited QkylT2Csalitrsyli CﬂCedlbaiqud alkengR CCEER alebhadyapld Cs-C- 4@yl subst i t ut ed
al I cennyl’,” s C, 2,2l ¥ otk b ag dhdbhival s EUT ang AVENDED SHEET

*'Ryy

wherein R, and R;. are covalently linked, and wherein

R: and R, are ecach selected from the group consisting of Cy-Cs alkyls, C;-Cs substituted
alkyls, C,-Cs alkenyls, and C;-Cs substituted alkenyls; .

R; and Ry and R;- and Ry are ¢ach separately selected from hydrogen, a halogen, Cy-Cy; alkyl,
C;-C,y; substituted alkyls, C,-C;; alkenyl, C;-Cia substituted alkenyl, C; - Cy, alkynyl, and C,-Cy; acyl,
and Cs-Cyz aryl;

Ry-R;, Ry, Ry, and Ry-Rys and Ry-Rs,, Ry, Ry, and R, =R 5- are each separately selected from
hydrogen, a halogen, C,-C;; alkyl, Cy~Ciz substituted alkyls, C;-Cy; alkenyl, C;-Cia substituted
alkkenyl, C>-Ci; alkynyl, and Cs-Cy; aryl; -

=00~
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1 Cctober 2003 R6 and R6. are independently-sel ected from hydrogsn, 2803

hal ogen, C1-Cl12 al kyl, Cl-dx substituted al kyls, C2-Cl2 al kenyl, C2-Clz
substituted al kenyl, and C2-Cl12 al kynyl; and Rio are R o. independently

sel ected from hydrogen, a hal ogen, CR2, Cl1-C6 al ky], Cl-C6 substituted

al kyl.,, C2-C6 al kenyl, C2-C6 substituted al kenyl, Cl1-Cl2 al cohol, and CS-C15
axyl. 16. A conpound havi ng the follow ng chem cal structure: Rg R2 BRIT R

T ~tl R13' rei Rl an ntly .linked, and er ei d R1.
are- each sewgkg 8‘%{5’ iﬁ%ﬁ?ﬁﬁ?*ﬂ groae . ‘t@al%‘lf‘yvc\g H@fg Cheh
substit lﬂﬂﬁdtut&ﬂ|3w15$Q C@%&k@@]at,k@gwbeumﬁﬂdlkéﬂd @ad s;pb}pztaumylemcal kenyl s; R2

and RO and and R4. are ea el ect d fro ydr o

ol ogen.  C1. G Ry mossly SEREE ot BubGae, hacest OO oot GrCer 2
subst i t ghigtutddiaiyy, IC,-CedlkenyCIC,- @ steestistited attiely (0T C&Zlcoﬁcﬂ)ﬂnd Cedpprid>- C, x aryl;
R3-Rs, R7, RS and R11-R1S and - Rs, @Hf and R13.-Ri 5, are each
separat el y sePect HEFHRS, W5ngd§§9!1°‘§ﬂﬁah% SIeRIret 2 al kyl, Cl-Cl12
substituted al kyls, CC2-Cl2 al kgrgyl, C2-Cli substituted al kenyl CrCl12
al kynyl, and Cs-Cl12 aryl; and R6. are independently selected from
hydrogen, a hal ogen, Cl-{1 CiR@12 substituted al kyls. C2-C13

al kenyl, C2-Cl2 substit @2-Cl2 al kenyl; and R o arc R10.
i ndependent |y sel g : ~d hal ogen, CIL, Cl-C6 al kyl, C1-C6
substituted al kyl, ( - substituted al kenyl, C1-C72 al cohol,

and C6-Cl12 aryl. 17. ar 16, wherein R1 and
R1, together conprise : " )5'r CO- 0- CB2. wherein

is is a positive | Rf : 1'SHEET . 1
Cct ober 2003 18. The 6, I£ or use i n the
treatnment of a disea R - O P

wherein R, and Ry are covalently linked, and wherein

R; and R;- are each selected from the group consisting of C,-C; alkyls Ci-Cs substituted
alkyls, C~C; alkenyls, and C;-C; substituted alkenyls;

R, and Ry and Ry and Ry are each separately selected from hydrogen, a halogen, C,-Cyz alkyl, -
Cy-Cyy substituted alkyls, C;«Cy, alkenyl, C,-Cia substituted alkenyl, C; - Cyp alkynyl, and C;-Cya acyl,
and Cs-Ci aryl;

Ri-Rs, Ry, Ry, and Ryj-Rys and Ry-Rs, Ry, Ry, and Ryy-Rys are each separately selected from
hydrogen, a halogen, Ci-C)y alkyl, C;-C)» substituted alkyls, C;»Ciz zlkenyl, C,-Ci» substituted
alkenyl, C;-C; alkynyl, and C-Cy; aryl; ‘

Rs and Re are independently selected from hydrogen, a halogen, C,-Cjp alkyl, C,-Cy;
substituted atkyts, C;«Cy; alkenyl, C;-Ci2 substituted alkenyl, and C,-Cy; alkynyl; and

Ry ar¢ Ry independently selected from hydrogen, a halogen, CHs, Ci-Cs alkyl, C,-Cs
substituted alkyl, C,-Cs alkenyl, C;-Cs substituted alkenyl, C,-C,; alcohol, and Cs-Cy; aryl.

17. The compound of Claim 14, 15 or 16, wherein

R, and R, together comyprise the structure:
~CH,-0-C0-(CHy),-CO-0-CH,-,
wherein n is a positive integer no greater than eight.
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sel ected fromthe group consisting of tuberculous pleurisy, rhsusmi-ahsh
pl euri sy, cancer, cardiovascul ar disease, skin redness, diabetes,
transplant rejection, otitis media (inner ear infection), sinusitis and
viral .infection. 19. A synthetic nethod of naking the conpound of C ains
1-11.or 12, conprising the steps of perform ng a Diels-Al der reaction
reacting a diene having two or nore rings wiwth a dienophile conpound to
yi el d a resubt antThe esmmund oSl 4 ridaraf, HPUR in HegeatnrAtlofd diedid@ntifien

corrpouggec?gd (f\il'oal:ni "He 1gr%&p Oéonmghng o? éjl\:/g'c I?E '[,!.,'%E;ry" rheumatoid pleurisy, cancer,
cardiovascular disense, skin redness, diabetes, transplant rejection, otitis media (inner ear infection),
sinusitis and viral infection. R
19. A synthetic method of making the compound of Claims 1-11 or 12, comprising the
steps of: |
performing a Diels-Alder reaction reacting a diene having two or more rings with a
dienophile compound to yield a resultant compound have three of more rings; and
yielding the compound of Claims 1-11 or 12.
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